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Introduction

This report describes the first year of a research project designed to investigate the effectiveness of in
vivo screening of phage-displayed random peptides libraries (RPLs) in cancer patients. The purpose of this
research is to identify small peptides that bind specifically to breast tumor targets, which can ultimately be used
to develop effective cancer therapeutics with high specificity for tumor cells and low toxicity to normal cells.
Peptides identified by phage-display RPL technology can not only bind targets with high specificity, their small
size is considerably more optimal for drug development than larger tumor-binding molecules such as
antibodies. Phage-displayed RPLs have been used by many laboratories, including our own, to identify small
specific ligands to many molecular targets, including tumor targets. An exciting report in Science, by Arap et
al, in 1998 (Arap, Pasqualini et al. 1998), described the screening of phage-displayed RPLs in intact mice
bearing tumors. Peptides were identified by this “in vivo screening” that bound specifically to tumor tissue.
The tumor-homing peptides, conjugated to doxorubicin, were remarkably effective at reducing the tumor
burden and increasing survival in a mouse model. The ultimate goal of the project described in the present
report is to perform similar in vivo screening experiments in human breast cancer patients, in order to identify
peptides that will home specifically to their tumor tissue. In future work, these breast tumor-homing peptides
will be used to develop novel breast cancer therapeutics. The work described in this annual report includes:

1) Construction of five new RPLs, in addition to the original RPL described in the original grant proposal.

2) Toxicity testing of intravenous injection of peptide-phage in animals, which is detailed in an IND application
(included in the Appendix). The IND needs only minor additions for approval by the FDA.

3) Several in vivo screening experiments in mice with tumors. The in vivo screening experiments we have
performed in mice, with essentially the same protocol proposed for human screening, as well as other toxicity
testing experiments, provide evidence that in vivo screening with phage-displayed RPLs is safe. In addition, the
in vivo screenings have identified several consensus amino acid sequences. An especially exciting result is that
some of the peptides we have identified by in vivo screening are strikingly similar to peptides described by
others as specific inhibitors of matrix metalloproteinases 2 and 9, which are promising tumor targets.

Body

Task 1. Construct a large panel of random peptide libraries (months 1-14). For each system, five libraries
will be constructed with disulfide-constrained loops ranging in size from 8-12 amino acids. Each system
displays peptides in a different structural and/or spatial context.

The original proposal for this work included a description of a phage-displayed RPL constructed in a
fuse 5 system (Scott and Smith 1990). The original library displays nine amino acid peptides flanked by
cysteine residues (CX9C). The cysteines allow formation of a disulfide bonded cyclic peptide. During the first
year of this project we have constructed another RPL in the fuse 5 system of the form (X4CX;o¢CX4). Work by
other groups using phage-display RPL technology (Affymax, Genentech)(Wrighton, Farrell et al. 1996; Cwirla,
Balasubramanian et al. 1997) has suggested that libraries of peptides with 3-4 random residues outside the
disulfide loop are more effective at providing a source of ligands to certain targets. The complexity of our new
fuse 5 library (i.e. the number of different peptides it contains) is 1.8 x 107, approximately the same size as our
original library. In another project in the laboratory, this library has recently been used to identify non-
phosphorylated peptides that bind specifically to the SH2 domain of Grb7, a potential breast tumor target, but-
do not bind at all to other highly homologous SH2 domains. This illustrates the powerful capability of phage-
display RPL technology to provide highly specific peptide ligands for leads in drug development.

The new fuse S library was constructed essentially as described (Cwirla, Peters et al. 1990; Scott and
Smith 1990; Oligino, Lung et al. 1997), with appropriately designed oligonucleotides.

We have also constructed four new libraries in a pVIII system, which displays several hundred copies of
each peptide per phage particle, (the pIII system displays five copies of each peptide per particle). The vector
and cloning protocols for the pVIII system that we are using was kindly provided to us by Affymax. The
cloning methods used were essentially as described in the Affymax protocols. The pVIII libraries we
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constructed were very large: one of them contained almost 10 billion different peptides. We have found that the
quality of the pVIII libraries is not as high as the pIlI libraries. Clones isolated from our pllI libraries almost
always contain an insert of the correct size, while approximately half of clones isolated from pVIII libraries
contain a correct insert. This difference is likely due to the fact that the pVIII library is constructed using a
phagemid/helper phage system, while in the pllI system, only E. coli cells infected by a phage clone with an
insert in frame can multiply. However, even with a loss of half of the complexity, the pVIII libraries are much
larger than the pllI libraries- 50 to 200 times as large. Therefore the pVIII libraries may prove more effective as
a ligand source for in vivo screening as, the larger the libraries, the more likely they are to contain a specific
ligand to any given target. Because the pVIII system displays so many copies of each peptide, pVIII libraries
may also be able to identify at least some binding ligands, even weak binders, due to avidity effects. On the
other hand, by presenting fewer copies of each peptide, the plIll system may identify ligands with higher
affinity, as avidity effects may not be as pronounced as in the pVIII system. However, the avidity vs. affinity
advantages/disadvantages may actually be the opposite as described above depending on the presentation
strategy. While the peptides are more numerous per particle in a pVIII system, they are locally more
monovalent than in the plII system, where the peptides are very close to each other at one end of the phage
particle.

We now possess a vast number of different peptides- over 15 billion, which are available to us for in
vivo screening. We will continue to construct new libraries, as described in the statement of work, as
presentation of peptides within a large variety of different contexts will optimize our chance of obtaining a hit to
any given target. This is especially important for in vivo screening, as not only is there little information
available on the structure of the ligands we expect to identify, there is little structural information on the
molecules we will most likely be targeting. The targets may be completely unknown and may be, in fact,
revealed by in vivo screening.

The libraries we have constructed this year are listed below:

Library type Peptide structure Library complexity

plIl X4CX19CXy 1.80 x 107
pVIII X4CX12CXy 2.98x 10°
pVIII X4CX9CXy 9.40x 10°
pVIII X3CXoCX 8.15x 10
pVIII X4CXsCX4 2.59x 10°

Task I1. Establish the safety of intravenous (IV) administration of phage RPLs in human patients with breast
cancer. (months 1-6) There are numerous descriptions in the literature of IV administration of E. coli phage
into humans with no toxic reactions of any kind reported.

Several conferences, including a Pre-IND meeting, have been held between our laboratory and the FDA
in order to design the preclinical studies necessary to establish the safety of IV injection of phage RPLs in
humans. We have completed these preclinical/toxicity testing studies and have submitted an IND application to
the FDA (included in the Appendix). The design and results of these studies are described in detail in the IND
application. Excerpts from the IND application are provided below to facilitate review. In summary, we have
injected 31 mice, both normal and tumor-bearing, with a peptide-phage library preparation by tail vein injection.
These injections have been with up to 10 ''"* phage TU, which, we anticipate, is at least as much, if not more
than the comparable amount we will need to inject into humans in order to identify peptides which bind
specifically to tumor cells. All mice injected with phage appeared completely normal immediately after
injection, and the mice retained a normal appearance until sacrifice for tissue analysis. The only observed
toxicity was hepatitis in three FVB mice (out of a total of 31 mice injected with peptide-phage) in one of the
studies. We only saw this hepatitis in FVB mice (another strain was injected with the same peptide-phage
preparation and no toxicity was noted), and FVB mice in other peptide-phage injection studies did not show
signs of hepatitis or other toxicity. Laboratory mice are susceptible to several types of hepatitis. It is possible
that the hepatitis was preexisting in this group of mice, 5caused by an infectious agent. We performed a test for




the presence of two bacteria, known to cause hepatitis in mice, on a hepatitis-positive liver section. This test
was negative. However, tests for these two causes of hepatitis are better performed by culture, not possible in
our case, as live tissue was no longer available. In addition, hepatitis in mice is more commonly caused by
viruses such as coronavirus. The most effective tests for hepatitis viruses in mice are serologic, and the animals
were no longer available to collect blood samples when the hepatitis was detected. We examined organs of one
untreated FVB, and no hepatitis was seen, however this mouse was from a different cage and batch of FVBs. If
further toxicity tests are necessary, we will collect a blood sample from each mouse before any IV injections or
other treatment, to provide a control tissue sample that we can test for evidence of preexisting hepatitis. The
pathology of the observed hepatitis also suggests it may have been preexisting. In humans, viral hepatitis has a
distinctive distribution that involves triads and small foci in the lobules. Small foci in the lobules, in greater
numbers, would also be expected for a serious bacterial septic infection. In "chemical" hepatitis in humans, for
example, a toxic response to a poison or drug, the hepatitis is more widespread and generally involves all
lobules in a distinctive distribution following expected blood flow in the liver. The liver pathology noted in the
three FVB mice did not appear to be due to a toxic phenomenon and appeared more similar to hepatitis caused
by an infectious (viral or bacterial) agent. While it is not known what type of hepatitis, if any, might be caused
by phage in eukaryotes, it is highly unlikely that they are truly “infectious™ to any cell other than E. coli cells
(see discussion in Section 5 of the IND application). Therefore, one would expect that if the particles did cause
a hepatitis, it would manifest itself in a manner that would more resemble a “chemical” or general hepatitis.
Nevertheless, as addressed in the IRB included in the IND application in the Appendix, all patients will be
carefully monitored for possible liver toxicity.

As addressed in the Statement of Work, and described in the IRB, throughout the screening process
patients will be carefully evaluated for other adverse reactions, such as allergic reactions. In addition, the level
of anti-phage antibodies in each patient will be measured by ELISA, both prior to and post screening. Dr. Hans
Ochs, a collaborator on this project, who routinely measures levels of anti-phage antibody to phage in patients,
will assist us in the development of this ELISA assay.

IND excerpt:
Toxicology Integrated Summary

Four in vivo studies (Study I-IV) were designed and implemented to assess the toxicity of phage random peptide
library (RPL) screening in a mouse model. The toxicity studies were designed to mimic as closely as possible
the scheme that will be used in phase I clinical trials. A total of 31 mice were injected with 3 different
preparations of peptide phage (naive peptide-phage, peptide-phage amplified once from tumor (¢ Amplx ), or
phage amplified twice from tumor (¢ Amp2x)), and were monitored daily for three days or three weeks after
phage injection for signs of toxicity. The FDA has suggested that 3 day and 3 week timepoints for organ harvest
would allow us to evaluate both acute and chronic toxicity of peptide-phage injections. (See individual study
sections for details.) At the end point of each study, 10 organs were harvested from each mouse and subjected
to three analyses: hematoxylin & eosin staining (H&E) to assess pathology; immunohistochemistry (IHC) to
look for the presence of phage particles (or at least intact phage coat proteins), which are not necessarily
infective; and phage titering to determine the number of infective phage remaining. A brief description of each
study follows. Complete details for each study may be found within each study section.

Study I was designed to assess toxicity in mice, either 3 days or 3 weeks, following a single IV injection of
naive peptide-phage. This study will evaluate whether any toxicity will result from a single IV injection of
phage particles. The number of each peptide present at this stage (approximately 20 picograms) is so small that
any toxicity which might result would most certainly be caused by the phage particles alone. (Refer to Diagram
of Study Design: Study I in Study I section.)

Study I was designed to assess toxicity in mice following a single injection of phage amplified from tumor.
This study will evaluate whether any toxicity will result from peptide-phage particles enriched for tumor
binding. Specifically, IV injection of two types of peptide-phage will be evaluated: peptide-phage isolated
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from a tumor and amplified; and peptide-phage passaged through and amplified from tumors twice. This study
will determine whether the peptides displayed on phage which have been passaged/enriched through an intact
organism and its tumors, can cause toxicity not caused by the phage particles alone. The study will attempt to
answer the following question: will peptide-phage amplified from host tissue be enriched for peptides that bind
to normal host tissue in such a manner to cause toxicity? (Refer to Diagram of Study Design: Study II in Study
II section.)

Study III was designed to study toxicity in mice following three sequential IV injections of three different
peptide-phage preparations: naive peptide-phage library, peptide-phage amplified from a tumor in another
mouse (¢ Amplx) and @ Amplx passaged again through a second tumor (¢ Amp2x). (Refer to Diagram of
Study Design: Study Il in Study III section.) As for Study IV, below, these studies were designed to test
whether sequential injection of naive peptide-phage, then peptide-phage amplified from tumor tissue, is toxic.
However, Study III circumvents the complication of technically difficult mouse surgeries and tests the toxicity
of peptide-phage preparations directly.

Study IV was designed to study toxicity in tumor bearing mice following three sequential IV injections of three
different phage preparations in the same mouse: (1)naive library, (2)phage amplified from a tumor excised
from the same animal (¢ Amp1x) after injection of naive peptide-phage library, and (3)phage amplified from a
second tumor excised from the same animal (¢ Amp2x) after injection of @ Amplx. Each injection occurred on
separate days, in the order listed, followed 10 minutes later by excision of tumor. (Refer to Diagram of Study
Design: Study IV in Study IV section.) The purpose of Study IV is to carry out in vivo screening in animals
using a protocol which is nearly identical to the planned clinical protocol. Study IV examines the toxicity of the
complete in vivo screening clinical protocol and also begins to examine efficacy, by determining whether the
procedure can enrich for certain phage-displayed peptides, some of which may bind specifically to tumor tissue.

Three strains of mice (acquired from Jackson Labs in Bar Harbor, Maine) were used for the four toxicity studies
described above: FVB, BalbC, and MRL/MpJ-fas; pr(MRL). The FVB and BalbC mice are normal strains that
have intact immune systems. However, the MRL mice develop massive lymph node enlargement, or
lymphoproliferative disease, beginning around § weeks of age. Because their lymph nodes become markedly
enlarged (tumors) these mice were chosen to provide us with tumors targets for our in vivo screening. While
these mice have the advantage of producing tumors for screening, they have the disadvantage of dying rather
early (and somewhat unpredictably, 3-5 months in our experience) compared to other strains of mice.
Therefore, it was difficult to determine which MRL mice to choose for study. Study mice needed to have at
least three tumors, yet, ideally, had to be healthy enough to survive 3 surgeries and live to the 3-week endpoint
(as in Study IV). The problem of animals bearing sizeable tumors lacking the longevity of normal animals is
not unique to this model, however, and will likely be the case with any animal tumor model we utilize.

Overall findings: (Please refer to individual Study sections for complete detail.)

Survival: Of the 31 phage-injected mice in our studies, all but one survived to the endpoint. The mouse that
died before the study endpoint was one of three surgical mice (#3), which died while under general anesthesia
following the removal of tumor during the second surgery. (Refer to the Appendix for Survival Surgery
Protocol.)

Note that there were 32 planned phage-injected mice. However, one of these (see Study II) died in a restraint
while preparing the animal for injection.

Gross appearance: All non-surgical mice appeared normal for the study duration as observed by activity level,
appearance of coat, and posture. The mice that had surgeries to remove tumors (n=3) were somewhat less
active the first day or two following each surgery. As discussed above, surgical mouse #3 died during the
second surgery, therefore there are limited observations for this animal. (Refer to Study IV for more

7




information.) Additionally, the surgical mice chewed and pulled their sutures; Mouse #2 removed its sutures
to the point of opening an incision. The incision was cleaned and antibiotic ointment applied daily until the
wound healed. Surgical mice (#1 and #2), which were subjected to a complete phage screening, similar to the
clinical protocol except with more extensive surgery and anesthesia, progressed well to the end of the study.

Weights: Mice were weighed daily, with the exception of some weekend measurements that are noted in the
study sections. While we have not performed a statistical analysis of the data, generally the mice appear to have
either maintained or gained weight (apparently, compared to controls, consistent with normal growth)
throughout the course of each study with the following exceptions. One of the two groups of mice in Study II
(mice injected with @ Amp1x) dropped an average of 9.1% (n=7) of their body weight on the day following
injection with phage, but recovered from this weight drop by the following day. The surgical mice (Study IV)
dropped about 8% of their body weight in the days immediately following surgeries and stabilized. This is not
surprising in light of the fact that they underwent general anesthesia 2-3 times in a short period of time, and had
large tumors removed that accounted for up to 3% of the their body weight over the course of 3 surgeries. For
example, surgical Mouse #2 in Study IV weighed 47.6 g on the first day of surgery, and had 3 tumors removed
in 5 days weighing 600 mg, 403.6 mg, and 431.8 mg respectively.

Phage titers: Phage titers were performed to determine the number of infective phage present in tissues. On
the day of harvest, tissues samples from each of 9 organs and in some cases blood, were collected. The tissues
were weighed prior to being homogenized and incubated with E. coli for titering. (The titering procedure is
described in detail in the Appendix.)

At three days, most blood and tissues were highly positive for infective.

At three weeks following phage injection, regardless of preparation (naive, ¢ Amplx, or ¢ Amp2x) all tissues
were negative for infective phage in all mice except one. Surgical mouse #2 had some phage detected in most
tissues at three weeks, although much less than the number of phage typically detected in tissues three days
after injection. The only tissue that did not have infective phage detected at three weeks in this mouse,
interestingly, was tumor tissue.

Of the two surgical mice that survived to the 3-week endpoint, one was injected with phage immediately before
euthanasia for reasons detailed in Study IV, therefore the tissues were, as expected, positive for phage.
Infective phage were found in all but the tumor tissue of the remaining surgery mouse (#2) at 3 weeks, although
less than the amount of phage detected in tissues titered at 3 days.

Blood clearance was similar to that observed by Ochs et al with $X174 phage: phage were detected in the
blood at 24 hours, had diminished a great deal by 48 hours and were not detected at 72 hours. In addition, fecal
samples from each cage of mice were completely negative. All titering was done with approximately one fourth
of a complete organ, and could detect as little as one phage transducing particle.

Summary of Phage Titer Results'

Study 3 Day Harvest 3 Week Harvest
I ND’ -
11 + -
I ND -
1\% ND +* (n=1 for this assay)

'+/- denotes presence/absence of infective phage

*Not done

3All tissues positive except for: mouse #3 blood and liver, and mouse #2 spleen
* All tissues of surgical mouse #2 positive for phage except tumor
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IHC: We perform IHC on mouse organs harvested 10 minutes after injection of phage. Positive control tissue
of organs obtained immediately after phage injection without perfusion, give clear staining of blood vessels
with no staining in other parts of the tissue, while IHC of organs from a mouse not injected with phage was
completely negative. Slides for IHC were prepared by the Histology Department at FAHC according to their
protocol (see IND Appendix) using rabbit anti-M13 primary antibody (Sigma B7786, lot 038H4885) at a
concentration of 0.73 pg/ml, a 1:10,000 dilution of the stock provided by our laboratory. Slides were evaluated
by Dr. Don Weaver, the pathologist collaborating with us on this project. Most tissues were negative for phage
particles at three weeks. See table below.

Summary of ITHC Results'
Study 3 Day Harvest 3 Week Harvest

I -+ -
(n=4) (n=4)

I ¢ Amplx - -
(n=3) (n=4)
¢ Amp2x -+ -+
(n=4) (n=4)

11T ND* -
(n=6)

v ND -
(©=1)

'Staining is graded using a -to +++ scale for immunoreactivity.

“Spleens had trace/+ staining. All other tissues were negative.

3Livers of 3 out of 4 mice had + staining.

Spleens of 2 out of 4 mice had +/++ staining.

One lymph node had ++ staining.

One kidney had +/++ staining.

All other tissues were negative.

“Not done, by design.

3One liver and one lymph node had + staining. All other tissues were negative.




H&E: All tissues in all studies were found to be of normal histology for the given strain except for 3 out of 4
FVB livers in Study II. The project pathologist found some histological differences inherent to the strain of
mouse after looking at control animals. Specifically, MRL mice typically have: (1)enlarged lymph nodes,
(2)enlarged spleens with markedly expanded white pulp with lymphoproliferative disorder, and
(3)glomerulonephritis in the kidney. BalbCs also had a strain specific steatosis of the liver. This was
substantiated by looking at a control BalbC liver. Therefore, we have qualified our pathology results by
referring to data as “normal for the given strain” throughout the body of this document. Additionally, it is
normal for mice in general to have spleens with extramedullary hematopoiesis.

Summary of H&E Results'
Study 3 Day Harvest

I NL
(n=5)
I @ Amplx NL
(n=3)

© Amp2x 2 livers with hepatitis,

remaining tissues NL

(0=4)

i} ND’
Y% ND’

'NL denotes normal histology for the strain
’Not done, by design.

3 Week Harvest
NL
(n=5)

NL
(n=4)

1 liver with hepatitis,
1 liver with lymphoid aggregates,
remaining tissues NL

(n=4)

NL
(n=6)

NL
(0=2)




Summary of Results: Study I

Survival: All mice survived to end point.

Gross appearance: Activity, behavior, and appearance were observed to be normal in all mice for the duration
of the study.

Weights: All mouse weights appeared to be stable throughout the study. Measurements were not collected for
weekend timepoints.

Phage Titers: All tissue and blood titers for infective phage were negative at three weeks. The three day
results were not obtained due to experimental error.

IHC: Most tissues were negative for immunoreactivity, indicating the absence of phage particles. The only
tissue positive for phage staining were the spleens of mice euthanized three days after peptide-phage injection.
H&E: All tissues, both those harvested 3 days and 3 weeks following injection of naive peptide phage, were
determined to have normal histology.

Summary of Results: Study II

Survival: All mice survived to end point, except for one that died in the restraint prior to injection. This mouse
was not replaced in the study due to a lack of available FVB mice.

Gross appearance: Activity, behavior, and appearance were observed to be normal in all mice for the duration
of the study.

Weights: The mice injected with @ Amplx dropped an average of 9.1% (n=7) of their body weight on day 1
following injection but their weights had returned to baseline by day 2. The mice injected with ¢ Amp2x either
maintained or gained weight throughout the remainder of the study.

Phage Titers: Three days after phage injection, there were infective phage present in all of the tissues except
for the blood and liver of mouse #3 and the spleen of mouse #2 (both of these mice were injected with

¢ Amplx). No infective phage were detected in any of the tissues collected three weeks after injection with
either @ Amplx or ¢ Amp2x.

IHC: All tissues were negative for phage staining three days following injection of ¢ Amplx. Most tissues
from mice injected with @ Amp2x were negative at three days with the exceptions of: 3 livers, 2 spleens, 1
lymph node, and 1 kidney. All tissues three weeks following phage injection were negative for phage particles
except for the liver of mouse #16, and a lymph node of mouse #15, both from the ¢ Amp2x-injected group.
H&E: All tissues examined were normal for the strain with the exceptions of: (1) hepatitis findings in the
livers of 3 FVB mice, and (2) one FVB liver with lymphoid aggregates. Sections of liver from mice with
hepatitis were subsequently stained with Steiner Stain to rule out Helicobacter or Clostridium infection. No
bacteria were identified. Refer to the tables for additional information.

Summary of Results: Study III

Survival: All mice survived to the end point.

Gross appearance: Activity, behavior, and appearance were observed to be normal in all mice for the duration
of the study.

Weights: Mice weights appeared to either remain the same or increase (consistent with normal growth/control
‘mouse) over the course of the study.

Phage Titers: Blood was free of infective phage 11 days after the third and final injection of peptide- phage
No infective phage were detected in any of the tissues collected three weeks after the third injection of phage.
IHC: All tissues were negative for phage three weeks following phage injection.

H&E: All collected tissues were found to be of normal histology for the strain.
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Summary of Results: Study IV

Survival: Two out of three mice (#1 and #2) survived to the 3-week endpoint. The third mouse (#3), died while
under general anesthesia following the removal of tumor during the second surgery. It is likely that this animal
died from excessive halothane anesthesia, due to the difficulty of monitoring the breathing and heartbeat of such
a small animal, while maintaining sterile surgical technique (draping). Furthermore, as discussed previously
(see Integrated Summary), the general health of MRL tumor-bearing mice is less than optimal, which may
further complicate the already difficult procedure of performing general anesthesia in mice. (Refer to the IND
Appendix for Survival Surgery Protocol.)

Gross appearance: The mice were somewhat less active the first day or two following each surgery. As
discussed above, Surgical Mouse #3 died during the second surgery, therefore there are limited observations for
this animal. Additionally, two of the surgical mice (#1 and #2) pulled and chewed their sutures; Mouse #2
removed its sutures to the point of opening an incision. The incision was cleaned, and antibiotic ointment
applied daily until the wound healed. The surgical mice, which were subjected to a complete phage screening,
similar to the clinical protocol except with more extensive surgery and anesthesia (#1 and #2), progressed well
to the end of the study. With the exception of a few days of recovery time after each surgery, the animals
appeared normal for the duration of the study.

Weights: The weight of Mouse #1 was measured on days 6-24 after in vivo screening and indicated a fairly
stable maintenance of body weight during this time.

Mouse #2 lost 2.4 grams of body weight (5.0%) on the day following the initial surgery. After this initial loss,
the weight stabilized until day 8. Mouse #2 lost 10.5% of its body weight over the next two days, but put on
weight steadily through the remainder of the study, with a final weight within 5% of the starting weight.

Mouse #3 lost 3.4 grams of body weight (7.5%) in the two days following the initial surgery. No further weight
measurements were made as the animal died during the second surgery. (Please refer to graph and table for
details.)

Phage Titers: Mouse #1 was injected with phage just before organ harvest to provide positive IHC controls,
and so did not provide valid three week titer results. Mouse #3 did not survive the second surgery. Therefore,
the only valid titers in Study IV were from Mouse #2. In Mouse #2, most tissues were positive for infective
phage three weeks after completion of the in vivo screening procedure, although less phage were present than is
typically seen only three days after phage injection. It is interesting that only this mouse, which underwent a
complete in vivo screening procedure, had positive tissue titers at three weeks. All other mice did not have any
infective phage present in tissues three weeks after injection of peptide-phage.

IHC: Based on our titering results, we had expected to see positive IHC results in Mouse #2. However, at the
three-week endpoint, all tissues were negative for phage immunoreactivity in Mouse #2. This is not altogether
unexpected, as titering is a very sensitive technique for detection of phage, and can detect as little as 1 phage
transducing unit (TU). In addition, far less tissue is used in the IHC technique than in titering, and far more
phage particles need to be present for a positive IHC signal. Another explanation for this result is that the phage
positive by titering might have been present in blood components which were not adequately washed away by
perfusion, but which were washed away during IHC slide processing.

Mouse #1 was injected with phage immediately following removal of one tumor and prior to all other tissues
being harvested to provide us with positive IHC controls. As expected, the tumor removed prior to phage
injection was IHC negative for phage while all other tissues were IHC positive.

H&E: All tissues were determined to have normal histology for the strain.

An IND application detailing the above toxicity studies has been submitted to and reviewed by the FDA.
The FDA has requested some additional information and changes in protocol (letter provided in the Appendix).
All of the information the FDA would like clarified can be easily provided, and the suggested protocol changes
appear to be minor. Therefore, we plan to submit a revised protocol within one week. Depending on the time it
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takes to obtain the other necessary approvals (described in the next section), patient studies could be started
within the next few months.

Task II1. Identify specific tumor-binding phage by in vivo screening and characterize clones as done routinely
with in vitro screening.

No studies will be initiated in patients until our in vivo screening with peptide-phage IND application is
approved by the FDA. In addition to FDA approval, approval from the following committees must also be
obtained prior to initiation of the study in humans:

1) The University of Vermont Institutional Review Board (IRB)
2) The NCI sponsored Vermont Cancer Center Protocol Review Committee
3) The U.S. Army MRMC Human Subjects Research Review Board

Although we have not begun the human irn vivo screening studies addressed in Task III, we have
performed five in vivo screenings in animals. The FDA has informed us that while proof of “efficacy” is not
essential in order to obtain an IND for a Phase I trial (the proposed injection of RPL phage in humans is
considered a Phase I trial by the FDA), they have also advised us that our application would be strengthened
considerably by some demonstration of potential efficacy. In our case, the “product”, in vivo screening, is not
really a drug- it is a process. The “efficacy” of this process is its ability to identify consensus amino acid
sequences of peptides which specifically bind to tumor tissue. Therefore, we performed several in vivo RPL
screening studies in mice with tumors, following essentially the same protocol planned for screenings of breast
cancer patients.

We have located a valuable model for our studies: MRL mice, retired female breeders, which develop
multiple spontaneous tumors. They develop 3 or more tumors, which are excisable with minor surgery. In
addition, these animals are far easier to obtain and less expensive ($10 each) than transgenic mice which
develop mammary tumors ($150 each). We received only a few transgenic mice almost a year after placing the
order. However, we plan to start a breeding colony for the transgenic mice to test the efficacy of in vivo
screening in two different in vivo cancer models. We have had some problems with premature death in the
MRL mice with tumors, which can complicate toxicity and survival studies. However, this complication may
be expected with any animal model where the animals bear palpable tumors, i.e. with animals that are sick with
cancer.

We have performed five in vivo screenings. In the first in vivo screen, three sequential screens were
performed in three different mice. This study was performed before we had successfully developed a method to
remove endotoxin from the phage preparations, and so “survival surgery” experiments, where successive
screenings are performed in the same animal, similar to the proposed human protocol, were not possible due to
the high level of endotoxin in the phage preparations. This first screen identified several consensus sequences
including a consensus sequence with high homology to a peptide MMP inhibitor(Koivunen, Arap et al. 1999).

After we developed a protocol to remove endotoxin from peptide-phage preparations to levels permitted
by the FDA, the other four screenings were performed each in one mouse with multiple tumors, using a protocol
very similar to that proposed for human studies. The original reports on in vivo screening in mice (Pasqualini
and Ruoslahti 1996; Arap, Pasqualini et al. 1998; Rajotte, Arap et al. 1998) were performed by IV injection of
RPL phage, followed by perfusion through the heart in order to wash non-binding phage from the tumor tissue,
which, of course, killed the animals being screened. Obviously this procedure cannot be performed in humans.
The washes must take place after the harvest of tumor tissue. Even with this modified screening and washing
procedure, our in vivo screening resulted in the identification not only of consensus amino acid sequences, but
sequences which may bind to an important tumor target.

The in vivo screening protocols used in our laboratory, including phage preparation, are described in
detail in the IND application. In brief, the in vivo screenings we performed in mice consisted of a tail vein IV
injection of a mouse that had three discrete tumors (approximately 0.2 g each) with a large dose of peptide-
phage library. The first tumor was removed by minor surgery, under general anesthesia. The excision was
sutured, and peptide-phage were amplified from the tumor tissue. The peptide-phage amplified from this first
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tumor were purified, sterilized, and reinjected into the same animal the following day, and a second tumor was
removed. Likewise, peptide-phage which bound to this second tumor were amplified, purified, and reinjected

the next day for a third in vivo screen. A third tumor was removed, and peptide-phage clones eluted from this

tumor tissue were subjected to DNA sequence analysis.

Three of the four mice that underwent this procedure appeared healthy immediately after the third
injection and remained healthy at least one week after the procedure, even after three surgeries in a three day
period. Although resection without entering a body cavity is technically considered “minor”’surgery, the mouse
procedure is considerably more difficult technically and traumatic to the animal than the human procedure: the
tumors removed from these mice are almost 1% of the animal’s weight and must be performed under general
anesthesia. The human screenings will consist of only small biopsies under local anesthesia. Two mice
appeared normal and healthy during the entire evaluation period, (for 21 days after the last surgery), at which
time the animals were sacrificed in order to harvest organs for toxicity studies.

The two mice that did not survive the in vivo screening procedure are described below:

The first complete “survival surgery” screening was performed by a first year medical student with no
previous surgical experience on live mice, with assistance from a veterinary assistant. Although the animal
looked quite healthy up to a week after the surgery, after this time the animal became edematous and died
within a few days. The cause of death could not be determined, but the surgical technique (lack of shaving the
incision site, stapling of the wound rather than suturing the wound, as well as general sterile technique) is
suspect. The next three in vivo screenings with surgeries were performed by the PI. While the PI also had no
experience with mouse surgeries, he has a great deal of human surgical experience as well as some experience
on animals larger than mice. The first two screenings went perfectly- the mice looked healthy throughout
surgery and the observation period until they were sacrificed in order to examine their organs for evidence of
toxicity. The fourth and last mouse, although it survived and appeared healthy during and after the first surgery,
this mouse died under anesthesia during the second surgery. Administering and monitoring anesthesia in a
mouse is technically difficult, and it is likely that this mouse died of an overdose of Halothane, rather than as a
result of the peptide-phage injection. Whether this is the case will be better assessed as we gain experience with
mouse surgeries. Alternatively, performing similar experiments in larger animals will help circumvent the
technical difficulties inherent in performing surgery under general anesthesia on animals as small as mice. We
have already initiated dialogue with two different veterinary groups concerning the possibility of performing in
vivo screening on dogs with mammary tumors, which are fairly common.

Phage were isolated from all tumor harvests. We have sequenced the DNA from approximately 200
phage clones harvested from tumor tissues. The sequences are shown in the tables that follow. These data
identify peptides that fall into several different consensus sequence patterns. These amino acid consensus
sequences may represent peptides that bind specifically to tumor tissue. Cases where two or more different
clones had an identical sequence is especially suggestive of specific binding to at least some target, as the
chance of obtaining two identical clones by chance is 1 in 20 million (the library complexity is 20 million). The
additional clones with amino acids that line-up with the duplicate consensus sequences supply more evidence
that specific binding clones have been obtained, although the target is not known at this time.

Especially promising is that one of the peptides we isolated from tumor tissue is highly homologous (see
table below) to a peptide motif very recently identified as an inhibitor of matrix metalloproteinases (MMPs)
MMP-2 and MMP-9, which are promising tumor targets (Koivunen, Arap et al. 1999). Interestingly, this MMP
inhibitor was identified by in vitro phage-display RPL screening with purified target by the same group which
pioneered in vivo screening. Importantly, the MMP-inhibiting peptide has demonstrated promising anti-tumor
activity in vivo(Koivunen, Arap et al. 1999). We are presently developing assays to test the homologous
peptides we have identified to see if they also inhibit MMP activity, tumor growth, and metastasis. MMP
protein is commercially available, which should greatly facilitate assay development. In addition, Lew Cantley
at Harvard has agreed to assist us with these studies, as a post-doc in his lab is actively studying MMPs.

We believe these preliminary results are very exciting and lend tremendous support to our hypothesis
that in vivo screening in humans can be used to generate more effective cancer therapeutics. Please note that
these data are unpublished.
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We have initiated development of assays to test the specificity of promising peptide-clones, i.e. clones
which display a peptide related to consensus sequences identified from in vivo screenings. We have performed
assays similar to those described in the original in vivo screening reports (Pasqualini and Ruoslahti 1996; Arap,
Pasqualini et al. 1998; Rajotte, Arap et al. 1998)from the Burnham Institute, which consist of IV injection of
peptide-phage clones, followed by perfusion of the animal through the heart, and titering the number of phage
in the tumor and in the brain as a control organ. We also examined the same tissues, as did the Burnham group,
by immunohistochemistry with an anti-phage antibody. Some of our initial titering experiments looked very
promising and showed even greater selectivity for tumor compared to brain than the peptide-phage described by
Arap et al (Arap, Pasqualini et al. 1998) (see table in Appendix). However, a recent experiment we performed
with naive library phage, not expected to bind to any tissue, also demonstrated tumor selectivity. Articles on in
vivo screening from the Burnham institute report very low binding of library phage to either tissue. It is
possible that our tumor system, different from the xenograft system used in the work by Arap et al, does not
allow adequate “washing” of the tumor tissue by perfusion due to altered blood supply. It is also possible that
the tumors in our system bind phage non-specifically. This would not be altogether unexpected as the tumors in
our model are essentially just huge lymph nodes, and other organs of the reticuloendothelial system, such as
spleen and liver, are known to bind phage non-specifically. Another difference in our results, compared to the
Burnham group, is that we obtain many more phage from tissues, as assessed by titering, even when the same
number of phage are injected. Therefore, we may need to improve our perfusion/washing technique. A
scientist from Harvard with a great deal of experience performing mouse perfusions was kind enough to visit
our lab to train us in this technique. After this training session, our perfusions caused the liver to blanche
readily, which led us to assume we were perfusing adequately. Even with what appeared to be proper
perfusion, we still obtain over a hundred times more phage from tissues than the Burnham group after injecting
the same number by the same route. On the other hand, although our IHC assay gives highly positive staining
of tissues harvested from animals recently injected IV with phage, (this assay was developed as a necessary
element of our toxicity studies), all of the clones we have tested so far are negative by IHC assay. Although
these negative IHC results are compatible with adequate washing by perfusion, they are not compatible with the
Burnham group’s results, as they obtained positive IHC staining with much lower numbers of peptide-phage on
the tissue as assessed by titering. We will repeat these assays with injections of smaller numbers of peptide-
phage and greater perfusion volumes in an attempt to achieve an acceptable background level of library phage
binding to tumor tissue. The assays reported by the Burnham group are not described in enough detail to allow
exact duplication. One technical detail which may account for the difference in the titering assays by our group
compared to the Burnham group is the speed of centrifugation of homogenized tumor tissue. We have been
centrifuging at a high g-force in order to recover any membrane fragments released by homogenization.
However, this may decrease the separation of phage contaminated blood cells from tumor tissue. We will
repeat our assays with slower centrifugations at this step. However, this does not explain why our clones are
negative by IHC. Either our clones do not bind to any of the tissues we have examined by IHC, or our I[HC may
need to be increased in sensitivity. While our positive controls stain intensely, there are billions of phage
present our present positive controls and we may need to optimize the assay using positive controls with much
lower numbers of phage. In addition, we will construct phage clones described by the Burnham group to bind
to a certain tissue, such as brain or kidney, to use as positive controls in the development of these assays.
Another technique which may increase the sensitivity of detection of peptide-phage binding by IHC is to follow
the wash perfusion by a fix perfusion, to avoid loss of peptide-phage which may bind to tissues specifically but
with low affinity.

We will also construct two tumor-homing phage clones described by Arap et al, to see if they
specifically bind tumor tissue in our two animal models, which are different than the model they employed.

Although the hypothesis stated in the original proposal specifically predicts the effectiveness of in vivo
RPL screening in humans, which we have not attempted yet, we have made significant progress in
corroborating the effectiveness of in vivo screening in mice, demonstrated by the Burnham group in their
original proof of principle experiments. We have made important modifications to their procedure in order to
allow in vivo screening in humans, and have accumulated enough evidence that our modified procedure is safe
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in mammals to allow us to proceed soon to human screenings. It is of interest that we identified peptides
completely different the Burnham group, although several are very similar to known binders/inhibitors of
promising tumor targets- matrix metalloproteinases 2 and 9.

Key Research Accomplishments

Construction of five new phage-displayed random peptide libraries which contain over 15 billion different
peptides.

Design (assisted by the FDA) of comprehensive preclinical studies that evaluate the safety of in vivo screening
with phage-display random peptide libraries in an animal model.

Completion of preclinical (animal) studies designed to evaluate/predict the safety of performing in vivo
screening with phage-display random peptide libraries in human cancer patients. With the exception of 3 cases
of hepatitis out of 31 animals, (which may have been preexisting), there was little evidence of toxicity in these
preclinical studies.

Completion and submission of an Investigational New Drug application to the FDA.
The IND has been reviewed by the FDA. The FDA has requested minor revisions.

Several complete in vivo screenings have been completed in mice with tumors. The procedure does not seem to
harm the animals, and consensus peptides have been identified from these screenings.

Some of the consensus peptides we have identified from tumor tissue by in vivo screening in mice with tumors
have high homology with peptides known to bind to and inhibit MMP2 and MMP9, promising tumor targets
associated with metastasis.

Reportable Outcomes

An IND application for in vivo screening with phage-display random peptide libraries in human cancer patients
has been submitted.

A patent application for the in vivo screening process in humans has been submitted.

This work was presented at the NCI site visit to the Vermont Cancer Center at the University of Vermont. The
NCI gave the VCC high scores and funding was continued.

A manuscript describing our preclinical studies which demonstrate the safety of in vivo screening in animals is
in preparation.

A grant proposal that combines a concurrent project our laboratory is working on, the isolation of cancer cells
from the blood of breast cancer patients, with human ir vivo screening, is in preparation. In this project we
propose isolating cancer cells from the blood of patients after injection of RPLs, in order to identify peptides
which bind specifically to cancer cells which are found in the blood. Assuming that the entry of these cancer
cells into the blood is one of the first stages in metastasis, the surface of these cells could be an important tumor
target.

Conclusions

We have constructed five new phage-displayed random peptide libraries which contain over 15 billion
different peptides. This represents a vast pool of potential ligands to any given tumor target. We will continue
to construct more libraries in order to further increase the number of differently shaped molecules we have
available as a resource for ligands during in vivo screening.

With assistance from the FDA, we have designed and completed comprehensive preclinical studies that
evaluate the safety of in vivo screening with phage-display random peptide libraries in an animal model. With
the exception of 3 cases of hepatitis out of 31 animals, (which may have been preexisting), there was little
evidence of toxicity in these preclinical studies. An IND application for phage-display RPL screening in human
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breast cancer patients has been submitted to and reviewed by the FDA. The FDA has requested minor

revisions, which we are in the process of addressing. Demonstration of the safety of IV injection of filamentous
peptide-phage is a critical step to our goal of performing in vivo screening in patients, in order to obtain in
humans the exciting results obtained by Arap et al in mice, i.e. to ultimately develop novel and effective tumor-
specific therapeutics for humans. There are several other areas of research which would benefit from the
demonstration of the safety of IV injection of filamentous phage in humans, including the use of filamentous
phage as an effective vaccine vehicle and also as a vehicle for gene therapy. Both of these applications have
been explored in animals, and have showed considerable promise.

Several complete in vivo screenings have been completed in mice with tumors. The procedure does not
seem to harm the animals, and consensus peptides have been identified from these screenings. Some of the
technical difficulties in performing in vivo screenings in mice may be circumvented with a larger animal model.
Not only does the procedure seem safe, at least as assessed in mice, it also appears to have efficacy, i.e.
consensus peptides can be identified this way, which corroborates the findings of Arap et al., although we have
not yet demonstrated that the peptides we identified bind specifically to tumor tissue. However, some of the
consensus peptides we have identified from tumor tissue by in vivo screening in mice with tumors have high
homology with peptides known to bind to and inhibit MMP2 and MMP9, promising tumor targets associated
with metastasis. Small peptides which bind specifically to tumors are valuable lead compounds for drug
development of cancer therapeutics. If any of the peptides we identified prove to bind to a tumor target, such as
MMP, for example, this will open up a novel and powerful means of not only identifying potential therapeutics,
but also of identifying promising tumor targets.
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Similarity of peptides isolated in our lab by in vivo screening to MMP inhibitors

Peptides isolated in our lab

IV092499-22
IV092499-24
TV092499-10
IV092499-23
IV040500-22
IV092499-36
IV092499-8

IV092499-9

IV080599-19
IV080599-15
IV080599-16
IV092499-15
IV092499-16
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MMP binders, Koivunen et al, Nature
Biotechnology, vol 17, August 1999

- cxact match at least twice in vertical lineup
Yellow= similar amino acids in vertical lineup
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Peptides isolated from the third tumor of the 8-5-99 in vivo screening

IV080599-15
IV080599-16
Iv080599-19

IV080599-2
Iv080599-10

Iv080599-11
Iv080599-13

IV080599-5
IvV080599-18

IV080599-7
IV080599-12

Iv080599-1
IV080599-3
Iv080599-4
IV080599-6
Iv080599-8
IV080599-9
Iv080599-14
Iv080599-17
Iv080599-20
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C DHAST G

C MEG INL C
RATSWWVTE
DVFLVTDKL
FSDCTSFNW
YRADPSDPE
KVSKAGEFN
WKQGLTTSM
YSGDNRLVI

YPFTFLSPI
VSGFHTIPG

-: exact match at least twice in vertical lineup
Yellow= similar amino acids in vertical lineup

QN

ONP]

0

NOOOO0O0O0O0O00aN
NOOCOOO0O0O0O00aN

19




Peptides isolated from the third tumor of the 9-24-99 in vivo screening

Iv092499-1

c C
IV092499-2 C C
Iv092499-3 C FMSAV PC

Iv092499-61 cc -= exact match at least twice in vertical lineup
Iv092499-51 T C  Yellow= similar amino acids in vertical lineup
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IV0924995-74
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Iv092499-65
Iv092499-29

Iv092499-17
IV092499-18
Iv092499-19
Iv092499-41
Iv092499-31
IV092499-25
Iv092499-30
Iv092499-38
Iv092499-40
IV092499-43
IV092499-45
Iv092499-48
IV092499-49
Iv092499-50
Iv092499-52
IV092499-53
Iv092499-55
IV092499-57
IvV092499-62
Iv092499-66
IV092499-68
IV092499-70
Iv092499-71
Iv092499-72

sNoRoRoReRoRoNeReRoRoRoRoRc oo NoNoRoNo RoNo RO NS!
TonoOmHIISOYHOT I rPQURNSREESK
CRnNnEHEOEZZMKsS<<AH-HnIEpC-HtEHUOUBEEY»PHEH

@]
nOon0w

FHUUnd<KHdnunREQKIIEZ2 KoM 0 HZQ@
It O0oYYEDnUoEE""APOQEOZ2HNO WO
Rn<KEHdZsssaoHuUnadnosaonr2H

IV092499sequence summary.doc

N<@Qwo

HEHE"AOTODYHRQROPEONA<SOHRK T QR
<tnhH<odsS T EH <O HHRWNE QBT

gnQohnHd<gwyrtt 2" oand0w0oOoHn<KnwZ

Qe
ERONONS]
>0 R
~ e
O N

TrHmeEONH<SRIEODPUHOWEONOXW 230 o

oNONONS!

cNoNoNo oo NoNo NP NN N e NP RO RO RO RO RO NS

@]

N




Peptides isolated from the 2-00 in vivo screening

Iv020200-9
Iv020200-4
Iv020400-18
Iv020400-41

Iv020400-44
Iv020400-14

Iv020400-13
Iv020400-15
Iv020400-16
Iv020400-36
Iv020400-17
Iv020400-24
Iv020400-34
Iv020400-19
Iv020400-20
Iv020400-21
Iv020400-22
Iv020400-23
Iv020400-25
Iv020400-27
Iv020400-45
Iv020400-31
Iv020400-26
Iv020400-38
Iv020400-28
Iv020400-29
Iv020400-30
Iv020400-32
Iv020400-33
Iv020400-35
Iv020400-37
Iv020400-39
Iv020400-40
Iv020400-42
Iv020400-43
Iv020400-46
Iv020400-47
Iv020400-48
Iv020400-49
Iv020400-50
Iv020400-52
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= cxact match at least twice in vertical lineup
Yellow= similar amino acids in vertical lineup
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Iv020400-53
Iv020400-54
Iv020400-55
Iv020400-56
Iv020400-57
Iv020400-59
Iv020400-58
Iv020400-60
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YOIPDMPKG
VSYSMPPAL
RFKIGAQVE
GRHGDQGLD
LRATEFYSV
LTLSVHRAT
ELFVKPVTA
ATLEGVIKF

CHONONO NS HONPKS)

23




Peptides isolated from the second tumor of the 4-5-00 in vivo screening

Iv040500-22
Iv040500-18
Iv040500-23
Iv040500-17
IV040500-11
Iv040500-4

Iv040500-16
Iv040500-12
Iv040500-10
Iv040500-3
Iv040500-20
Iv040500-6

Iv040500-1
Iv040500-2
Iv040500-5
Iv040500-7
Iv040500-8
Iv040500-9
Iv040500-13
Iv040500-14
Iv040500-15
Iv040500-19
Iv040500-21

CCIGA

MVGKGLTLV
GELONWVDA
KSALNSMMM
NTDLARLDL
VKGYVTLGC
SNMARWGTY
RVGDYMATK
EIYGRFGLS
PKATGMKVG
QSGRLMLHF
IVTPKREEA

PTHRS
LOVL
REFSLPQ
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Our Reference: BB-IND 9145

David N. Krag, M.D., FACS
Professor of Surgery
University of Vermont

309E Given Building
Burlington, VT 05405

Dear Dr. Krag:

Subsequent to our review of your Investigational New Drug Application (IND) for
"Filamentous Bacteriophage Expressing Random Peptide Libraries," and as discussed during the
telephone conversation of July 17, 2000 between you and Drs. David Essayan, Emmanuel
Petricoin and Genevieve Schechter of this office, your proposed study under this IND has been
placed on clinical hold.

Your IND is on clirical hold because insufficient information has been submitted to

allow FDA to assess the risks to the subjects in the proposed clinical investigation

[21 CFR 312.42(b){1)(iv)]. Specificaily, we have the following comments and requests for
additional information:

PRODUCT INFORMATION

1. Research grade protease inhibitors should not be used to prepare the final drug product.
This is especially so for leupeptin, which is derived from an uncharacterized bovine
source. Ifthe use of protease inhibitors is required for maintenance of phage diversity,
the inhibitors should be obtained from BSE free sources. Certificates of analysis for each
protease inhibitor must be submitted to the IND and should include information
supporting freedom from potential adventitious agents and product impurities.
Certificates of analysis should also be submitted to the IND for each lot of phage
produced that supports sterility and freedom from product impurities.

CLINICAL INFORMATION

2. Plans for dose escalation and the number of patients to be treated at each dose level are
not clearly delineated in Section 6.0 of the protocols. As discussed during the
July 17, 2000, telephone conversation, you agreed to submit a revised study protocol as
follows:

The first patient will receive 10*1° phage, and phage isolation from tumor will be
evaluated. If no phages are isolated from the tumor, then you will treat a second patient
with 10" phages and attempt isolation from tumor. If the dose of phage must be escalated
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tc 10'2 or greater, three patients must be treated at each dose level to assure safety of the
intravenous injection of that concentration of phage. (The highest dose of intravenous
phage that has been administered without toxicity reported in the literature is 2 x 10
pfus.) Increase in the phage concentration must not be > 10" at any step in the dose
escalation. Once an acceptable amount of phage is observed in the tumor specimen,
amplification and readministration of phage to patients will be initiated with each patient

' to receive up to three injections over a period of approximately seven days. The
concentration of phage used for reinfusions may not exceed the initial concentration used
for that patient unless safety of the higher dose of phage infusion has been demonstrated
previously in three patients.

3. You must incorporate in the treatment program (Section 6.0) of each program guidelines
for the discontinuation of phage in the event of toxicity including the types/grade of
toxicity that will result in discentinuation of phage injection. Injection of phage must be
stopped immediately if Grade II or greater allergic reactions (NCI CTC Version 2.0)
occur. Other NCI-CTC toxicities grade IT or greater at any dose level are grounds for
discontinuation of phage dose and for escalation of phage dose.

. 4. Reasons for discontinuation from study (Section 10) must be expanded. The phrase
“constraints which are detrimental to the patient’s health” is too broad. Toxicity such as
anaphylaxis, other intolerable infusion related toxicities, or grade 3 or greater NCI-CTC
toxicity (ies), other unexpected serious adverse events related to phage administration,
patient refusal, or investigator decision due to a change in health status or non-
compliance would be reasons for study discontinuation.

5. Specific criteria with regard to degree of organ (hematological, hepatic, renal, cardiac,
pulmonary) dvstunction allowed for enrollment must be included in the eligibility criteria.

The following guidelines are recommmended:

a Hematologic function: Hgb >10 gm%, Het > 30%, ANC > 1500/ul, Platelets >

100,000/ul :
b. Renal: Creatinine < institutional upper limit of nermal
c. Hepatic function: Less than 2 x upper limit of normal; bilirubin < 2.0 gm%

d. Cardiac: NYHA Grade Il or less

3 Pulmonary: no evidence of impaired lung function on physical examination; if
evidence of pulmonary metastases or history of COPD or other pulmonary
. problem prior to enrollment must have FEV; and / or DF¢o> 60% for enroilment.
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8.

A subsection must be added to Section 11 to include information on the toxicity grading
scale to be used to grade adverse event. Information about how the relationship of the
toxicity to study drug will be reported should also be included in this section.

A statement must be incorporated to the Treatment Plan (Section 6.0) to indicate that
patients will be evaluated approximately one month after completion of phage injection(s)

for delayed toxicities.

Please submit revised copies of the two study protocols to the IND.

You may not initiate clinical trials under this IND until your response to the above
deficiencies has been received and reviewed by FDA, and you are informed that the response is
satisfactory. When you respond to all of the above issues, please identify your response as a
“CLINICAL HOLD COMPLETE RESPONSE” and submit this information in triplicate to the
IND. In addition, FAX a copy of the Form 1571, cover letier, and delivery tracking number to
Lori Tull at 301-827-5397. For additional information, please refer to the FDA Guidance:
Submitting and Reviewing Complete Responses to Clinical Holds - 5/14/98
(http://www.fda.gov/cber/gdins/clinhold.pdf).

We also have the foliowing comments and questions:

PRODUCT INFORMATION

9.

10.

1.

12.

Please provide information on the specificity, reproducibility, sensitivity, and quantitative
reliability of the bacteriophage ELISA used for initial patient screening for previous
exposure risks.

The current endotoxin administration limit for parenteral products is 5.0 EU/kg/dose or
5.0 EU/kg/hour. Please be advised that the proposed specification of 10 EU/kg/day for
your product may limit your proposed clinical dose scheme. Are there batches of phages
in which the extrapolated doses have exceeded that amount?

Please provide any available stability information on the phage stock, and describe the
anticipated storage time and conditions. To support further product development, we
recommend that a stability program be developed to establish storage conditions and a
dating period for phage stock. The stability protocol should include an evaluation of
product integrity and sterility and the specified time intervals for analysis.

In the pre-IND meeting held on December 16, 1999, it was agreed that 14-day sterility
tests would be initiated, the results documented and appropriate actions undertaken in the

" event of a test failure, even though phage preparations would be re-administered prior to

obtaining final test results. Please confirm.
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13.  Please quantitate levels of E. coli protein in the phage preparations, and set specifications.

14.  Please provide certificates of analysis for the tritonX-114 and polyethylene glycol used in
this study.

CLINICAL INFORMATION

15.  You may wish to broaden the age requirements for both protocols to greater than or equal
to 18 years of age.

16.  The informed consent and protocol should be revised so that proposed period for phage
administration is the same. The informed consent states a time period of 14 days while
the protocol indicaies a seven day time frame for phage injection. Please submit copies
of the revised consent form that accurately reflects the proposed protocols.

17.  If premedication is required to control acute toxicities related phage administration
particularly with readministration, you should submit a protocol amendment.

18.  Collection of information about the immune response to phage would be helpful for long
term development. Please clarify your plans in this regard.

19.  Reproductive status will be evaluated prior to enrollment and pregnancy testing
performed when indicated. Male patients should be cautioned about unprotected
intercourse. Please comment. -

20.  Estimation of the sample size should be revised to indicate that twenty patients will be
studied once adequate phage isolation from tumor and amplification of the isolated phage
occurs. : '
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If you have any questions, please contact the Regulatory Project Manager, Lori Tull, at
(301) 827-5101.

Sincerely yours,

Glen D. Jones, Ph.D.
Director
Division of Application Review and Policy
Office of Therapeutics
Research and Review
Center for Biologics
Evaluation and Research




Form FDA 1571

Form FDA 1572

Introductory Statement and
General Investigational Plan

Protocols

Chemistry, Manufacturing
and Control Data

Pharmacology and
Toxicology Data

Previous Human Experience

Appendix




Form Approved: OMB Ne. 0910-0014.
DEPARTMENT OF HEALTH AND HUMAN SERVICES Expiration Date- September 30, 2002 y
PUBLIC HEALTH SEHV‘CE See OMB Statement on Reverss.

FOOD AND DRUG ADMINISTRATTON . . .
INVESTIGATIONAL NEW DRUG APPLICATION (IND) NOTE: No drug may be shipped of clinical

_investigation begun umti an IND for that

(TYTLE 21, CODE OF FEDERAL REGULATIONS (CFR) PART 312) ‘invastigation is in effect (21 CFR 312.40).
1. NAME OF SPONSOR o : Z DATE OF SUBWISSION .
David N. Krag, MD, FACS ‘ 6/19/00 .
3. ADDRESS (Number, Street, Clty, State andZp Cods) ‘ . 4. TELEPHONE NUMBER
University of Vermont, E309 Given (Include Area Codk)

Burlington, VT 05405 802-656-5830

5. NAME(S) OF DRUG (Includa all available names: Trade, Generic, Chermical, Code) 6. IND NUMBER (¥ previously assigned)
Peptlde Phage '

7. INDICATION(S) (Covered by this subrmission)

Detection of short peptide ligands in patients with advanced cancer
8. PHASE(S) OF CLINICAL INVESTIGATION TOBE CONDUCTED:

[Rpraset1 [Jrrase2 [ pHasEs ["_']o.msn .

(Specity)
9. UST NUMBERS OF ALl INVESTIGATIONAL NEW DRUG APPUCATIONS 21 CFR Pat 312), NEW DRUG OR ANTIBIOTIC APPLICATIONS

(21 CFR Pat 314), DRUG MASTER FILES (27 CFR FPat 374.42)), AND PRODUCT LICENSE APPLICATIONS (21 CFR Pat 601) REFERRED
TO IN THIS APPLICATION.

10. IND submission - should be consecutively numbered. The Initial IND should be numbered

“Serfal number: 000." The next submission (e.g., amendment, report, or corresponderice} SERIAL NUMBER
should be numbered *“Sermal Number: O001.° Subsequent submissions should be 000"
numbered consecutively in the order in which they are submitted..
11, THIS SUBMISSION CONTAINS THE FOLLOWING: (Check all that apply)
INITIAL INVESTIGATIONAL NEW DRUG APPLICATION {IND) - [[] RESPONSE TO CUNICAL HOLD
PROTOCOL. AMENDMENT(S): INFORMATION AMENDMENT(S): IND SAFETY REPORT(S):
[J newpROTOCOL . [J cremstRYAMCROBIOLOGY {7] InmAL WRITTEN REPORT
[ crancem PROTOCOL [} PHARMACOLOGY/TOXICOLOGY ] FOLLOW-UP TO A WRITTEN REPORT .
[[] NewmvESTIGATOR ] cunicat.
[] RESPONSE TO FDA REQUEST FOR INFORMATION JanNuAL REPORT [} GENERAL CORRESPONDENCE
[[J REQUEST FOR REINSTATEMENT OF IND THAT IS WITHDRAWN, [ ] omer
INACTIVATED, TERMINATED OR DISCONTINUED . (Specily)
CHECK ONLY lF APPLICABLE

FOR FDA USE ONLY

1 CORIDBIND/DGD- RECEIRT STAMP o DDA RECEIPT STAMP DIVISION ASSIGNMENT:
IND NUMBER ASSIGNED:
FORM FDA 1571 (10/39) ) PREVIOUS EDITION IS OBSOLETE. PAGE 1 OF 2

Croniad by: PSC Media A Branch (301)443-2¢34  EF




12 ' CONTENTS OF APPLICATION
This apphcauon oontams the followmg items: (Check all that apply)

%] 1. Form FDA 1571 [21 CFR 312.23(a)(1)]
] 2. Table of Contents /21 CFR 312.23(a)(2)]
&l 3. introductory statement (21 CFA 312.23(a)(3)]
K] 4. General Investigational plan /27 CFA 312.23(a)(3)]  +
0 s. investigators brochure /27 CFR 312.23(a)(5)]
&l 6. Protocol(s) (21 CFR 312.23(a)(6)]
fz] a. Study protocol(s) /27 CFA 312.23(a)(6)]
Kb, Investigator data [27 CFA 312.23(a)(6)(iii)(b)] or completed Fo&n(s) FDA 1572
&1 c. Facilities data /27 CFA 312.23(a)(6)(ii)(b)] or completed Fomm(s) FDA 1572
K d. tnstitutional Review Board data [27 CFR 312.23(a)(6)(#)(b)] or completed Fomx(s) FDA 1572
K] 7. Chemistry, manufacturing, and control data [27 CFR 312.23(8)(7)]
@ Environmental assessment or claim for exclusion 27 CFA 31223(3)(7)(1‘\/)(9)]
k! 8. Pharmacology and toxicology data (27 CFR 312.23(a)(8)] ‘
&1 9. Previous human experience 27 CFR 312.23(a)(9)]
(0. Additional information /27 CFR 312.23(a)(10)]

12 IS ANY PART OF THE CUNICAL STUDY TO BE CONDUCTED BY A CONTRACT RESEARCH ORGANIZATION? D YES [;d NO
IF YES, Wit ANY SPONSOR OBLIGATIONS BE TRANSFE?RE? TO THE CONTRACT RESEARCH ORGANIZATION? [:] YES D NO

IF YES, ATTACH A STATEMENT CONTAINING THE NAME AND ADDRESS OF THE CONTRACT RESEARCH ORGANIZATION,
IDENTIFICATION OF THE CUNICAL STUDY, AND A LISTING OF THE OBUGATIONS TRANSFERRED.

14. NAME AND TITLE OF THE PERSON RESPONSIBLE FOR MONITORING THE CONDUCT AND PROGHRESS OF THE CLINICAL
INVESTIGATIONS

David N. Krag, MD, FACS
Professor of Surgery

15. NAME(S) AND TITLE(S) OF THE PERSON(S) RESPONSIBLE FOR REVIEW AND EVALUATION OF !NFORMATION RELEVANT TO THE
SAFETY OF THE DRUG

David N. Krag, MD, FACS
Professor of Surgery

I agree not to begin clinical Investigations until 30 days after FDA's receipt of the IND unless | receive earlier notification
by FDA that the studies may begin. 1 also agree not o begin or continue clinlcal investigations covered by the IND if
those studies are placed on clinical hold. | agree that an institutional Review Board (IRB) that complies with the
requirements set fourth in 21 CFR Part 56 will be responsible for initial and continuing review and approval of each of the
studies in the proposed clinical investigation. | agree to conduct the investigation in accordance with all other applicable
requiatory requirements.

160 NAME Of SPONSOR OR SPONSOR’S AUTHORIZED 17. SIGNATURE OF SPONSO R'S AUTHOR!,
REPRESENTATIVE : X REPRESENTATIVE (<R'A_€:_
. .
David N. Krag, MD, FACS > /
74 %‘@
18. ADDRESS (Mumber, Streel, City, State and Jp Cods) 19. TELEPHONE NUMBER 20. DATE
Unaversity of Vermont, 309E {inciuct Arez Code)
Y o 802-656— 5830 6/19/00

.. Given Building
Burlington, VT 05405

(WARNING: A willtully false statement isa criminal offense. U.S.C. Tille 18, Sec. 1001.)

Public reporting burden for this collection of Information is estimated to average 100 hours per responss, including the time for reviewing instructions,
searching existing data sources. gathering and maintaining the data needed, and completing reviewing the collection of information. Send comments
regarding this burden estimate or any other aspect ol this collection of Information, including suggestions for reducing this burden to:

Food and Drug Administration Food and Drug Administration "An agency may not conduct or sponsor, and a
CBER (HFM-29) CDER (HFD-94) person is not required to respond to, a

1401 Rockville Pike 5516 Nicholson Lane coliection of information uniess it displays a
Rockville, MD 20852-1448 Kensington, MD 20885 currently valid OMB control number.”

Please DO NOT RETURN this application to this address.

FOAM FDA 1571 (10/99) PAGE 2 OF 2




Form Approved: OMB No.(0910-0014.

DEPARTMENT OF HEALTH AND HUMAN SERVICES Expiration Date: September 30, 2002.
PUBLIC HEALTH SERVICE . See OMB Staternent on Aeverss.

ND DRUG ADMINISTRATION — .
Foob NOTE: No investigator may particpate in an

STATEMENT OF INVESTIGATOR : invesdgation untl he/she pravides the sp with
(TITLE 21, CODE OF FEDERAL REGULATIONS (CFR)} PART 312) a completed, signed Statement of Investigator,
(See instructions on reverse side.) . . |Form FDA 1572 (21 CFR 312.53(c))-

1. NAME AND ADDRESS OF INVESTIGATOR

. David N. Krag, MD, FACS
University of Vermont
Given Building E309
Burlington, VT 05405

2 EDUCATION, TRAINING, AND EXPERIENCE THAT QUALIFIES THE INVESTIGATOR AS AN EXPERT IN THE CLINICAL INVESTIGATION. OF THE
DRUG FOR THE USE UNDER INVESTIGATION. ONE OF THE FOLLOWING IS ATTACHED. o .

[} CURRICULUM VITAE [[] OTHER STATEMENT OF QUALIFICATIONS

3. NAME AND ADDRESS OF ANY MEDICAL SCHOOL, HOSPITAL OR OTHER RESEARCH FACILITY WHERE THE CLINICAL INVESTIGATION(S) WitL.
BE CONDUCTED. '

gniversity of Vermont Fletcher Allen Health Care
Given Building E309 . Colchester Avenue
Burlington, VT 05405 Burlington, VT 05401

4. NAME AND ADDRESS OF ANY CLINICAL LABORATORY FACILITIES TO BE USED IN THE STUDY.
University of Vermont
Fletcher Allen Health Care

Colchester Avenue
Burlington, VT 05401

= NAME AND ADDRESS OF THE INSTITUTIONAL REVIEW BOARD (IRB) THAT IS RESPONSIBLE FOR REVIEW AND APPROVAL OF THE STUDY(IES).
University of Vermont ' :

Committees on Human Research

231 Rowell Building

Burlington, VI 05405-0068

6. NAMES OF THE SUBINVESTIGATORS (e.g., research fellows, residents, assocates) WHO WILL BE ASSISTING THE INVESTIGATOR IN THE
CONDUCT OF THE INVESTIGATION(S).

Donald Weaver, MD, Pathologist

17 NAME AND CODE NUWMBER, IF ANY, OF THE PROTOCOU(S) IN THE IND FOR THE STUDY(IES) TO BE CONDUCTED BY THE INVESTIGATOR.

FORM FDA 1572 (10/89) PREVIOUS EDIMON 1S OBSOLETE. PAGE 1 OF 2
Crontad by: PSC Modia Arts Bruach (301) 443-2454  EFF




8. ATTACH THE FOLLOWING CUINICAL PROTOCOL INFORMATION:

@ FOR PHASE 1 INVESTIGATIONS, A GENERAL OUTLINE OF THE PLANNED INVESTIGATION INCLUDING THE ESTIMATED DURATION OF
THE STUDY AND THE MAXIMUM NUMBER OF SUBJECTS THAT WILL BE INVOLVED.

D FOR PHASE 2 OR 3 INVESTIGATIONS, AN OUTLINE OF THE STUDY PROTOCOL INCLUDING AN APPROXIMATION OF THE NUMBER OF
SUBJECTS TO BE TREATED WITH THE DRUG AND THE NUMBER TO BE EMPLOYED AS CONTROLS, {F ANY; THE CLINICAL USES TQ BE
INVESTIGATED; CHARACTERISTICS OF SUBJECTS BY AGE, SEX, AND CONDITION; THE KIND OF CLINICAL OBSERVATIONS AND
LABORATORY TESTS TO BE CONDUCTED; THE ESTIMATED DURATION OF THE STUDY; AND COPIES OR A DESCRIPTION OF CASE
REPORT FORMS TO BE USED. . .

9. COMMITMENTS:
1 agree to conduct the study(ies) in accordance with the relevart, current protocol(s) and will only make changes in a protocol after notifying
the sponsor, except when necessary to protect the safety, rights, or welfare of subjects.
l agree 16 personally conduct or supervise the described iﬁvesﬁgaﬁon(s).

I agree to inform any patients, of any persons used as controls, that tha drugs are being used for invesiigational purposes and | wilt ensure
that the requirements relating to obtaining informed consent in 21 CER Part 50 and institutional review board (IRB) review and approval m 21
CFR Part 56 are met. . - .

I agree to report 1o the sbonsor adverse experiencas that occur in the course of the investigation(s) in accordance with 21 CFR 312.64.
| have read and understand the information in the investigator’s brochure, including the patential risks and side effects of the drug.

I agree 1o ensure that all associates, colleagues, and employees asssung in the conduct of the study(ies) are informed about their obligations
in meeting the above commitments. ’ i

[ égree to mairtain adequate and accurate records in accordance with 21 CFR 312.62 and to make those records availabla for inspection in
accordance with 21 CFR 312.68.

| wilt ensure that an IRB that complies with the requirements of 21 CFR Part 56 will be responsible for the initial and continuing raview and
approval of the clinical investigation. | aiso agree to promptly report to the IRB all changes in the research activity and all unanticipated
problems involving risks 10 human subjects or others. Addftionaly, | wil not make any changes in the research without IRB approval, except
where necessary to eliminate apparent immediate hazards to human subjec’s.

1 agree to comply with all other requirements regarding the obfigations of cfinical investigators and all other pertinent requirements in 21 CFR
Part 312. o

INSTRUCTIONS FOR COMPLETING FORM FDA 1572
. STATEMENT OF INVESTIGATOR:

1. Cbmplete all sections. Attach a separaié page if additional space is needed.
2. Attach curriculum vitae or other statement of qualifications as described in Section 2
3. Attach protoco! outline as described in Section 8.

4. Sign and date below.

5. FORWARD THE COMPLETED FORM AND ATTACHMENTS TO THE SPONSOR. The sponsor will incorporate this
information along with other technical data into an Investigational New Drug Application (IND).

10. SIGNA NVESTIGATOR 11. DATE

/ %f/‘;(/ %ﬁip 6/3/00

T(WARNING: A willfully false statsment i crjminal offense. U.S.C. Titie 18, Sec. 1001.)

Public reporting burden for this collection of irﬂOrMhon is estimated to average 100 hours pef response, including the time for reviewing instructions,
searching existing data sources, gathering and maintaining the data needad, and completing reviewing the collection of information. Send comments

regarding this burden estimate or any other aspect of this collection of informaton, including suggestions for reducing this burdan 10:

Food and Drug Administration Food and Drug Administration "An agency may not conduct or sponsor, and a
CBER (HFM-99) COER (HFD-94) person is not required to respond to, &

1401 Rockville Pike 5516 Nichotson Lane collection ot information unless it displays a
Rockvilie, MD 20852-1448 Kensington, MD 20835 cumrently valid OMB control number.”

Ploase DO NOT RETURN this appiication to this address.

FORM FDA 1572 (10/99) PAGE 2 OF 2




General Qutline of Planned Investigation

Approximately 20 patients will be subjected in vivo screening in an attempt to identify
peptides that home specifically to their tumor tissue. We estimate the duration of this
project to be 12 to 24 months. ' ‘

All procedures will be performed in the University of Vermont General Clinical Research
Center (GCRC). The staff at the GCRC are expert in observation of patients during
experimental protocols. Patients will be admitted to the GCRC. An intravenous line will
be placed. Baseline vital signs will be determined before infusion of phage and every 15
minutes during infusion and for 2 hours after infusion. The patient will be under constant
supervision and equipment, medications, and personnel capable of treating allergic
reactions will be immediately available. '

A phage displayed RPL pool will be prepared and tested according to FDA. Before
phage injection, one sample of tumor tissue from the patient will be biopsied, snap frozen
and sixty slides will be prepared for later testing of selected clones for tumor binding
affinity. The library will be diluted in 250 ml saline and infused intravenously over 10
minutes into the patient. An appropriate dose will be one in which peptide-phage are
isolated from small tumor biopsies, and preferably, one in which peptide-phage isolated
from tumor tissue display homologous-amino acid sequences. Small amounts of tumor
tissue will be biopsied in the procedure room of the GCRC at time points of 10 minutes
and 24 hours post infusion. It is intended that the biopsies be as small as possible on the
order of 1.0 gram of tissue.

The tumor will be rinsed to remove blood, the tissue will be ground, and E. coli will be
added to amplify phage. Phage will be eluted from tumor cells and amplified. Phage will
be amplified and quantified by titering, with results available within 12 hours. If
(enriched) phage are present, they will be prepared for initial infusion and will be
reinjected as soon as possible (1 to 2 days). The harvest and amplification will be
repeated a maximum of 2 times for a2 maximum of three screenings in one patient.
Screening will ideally be completed in less than 7 days to avoid patient Ab response to
phage. Throughout the screening process patients will be carefully evaluated for adverse
reactions.

Peptides displayed by phage isolated from tumor tissue will be routinely analyzed for
both consensus amino acid sequences and tumor-binding. Binding to normal tissue will
be assessed by immunohistology on normal, quick frozen tumor tissue excised at the
same time as the tumor biopsy and on a large panel of 32 different normal human tissues
not from the protocol patient. Immunohisotochemistry with anti-transferrin receptor
mAb will be used as a positive control to assure tissue and assay reliability.

Any consensus sequences identified from phage eluted specifically from the tumor tissue
will be excellent candidates for tumor-specific peptides. Promising peptides will be
synthesized and tested for tumor specificity.
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PERSONAL DATA
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University of Vermont
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EDUCATION

University of the Pacific 1977 BA Chemistry
Stockton, CA
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BOARD CERTIFICATION

National Board of Medical Examiners
American Board of Surgery (#042794)

American Board of Surgery (#042794)
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American College of Surgeons
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Assistant Professor of Surgery
School of Veterinary Medicine (Joint appointment)
University of Califomia, Davis

Assistant Professor of Surgery
University of Vermont
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Director, University of Vermont
Breast Care Center
Burlington, VT

Chief, Surg Oncol Service
University of Vermont
Burlington, VT

Associate Professor of Surgery
University of Vermont
Burlington, VT

Professor of Surgery
University of Vermont
Burlington, VT

Graduate Group in Physiology
University of California, Davis

Graduate College, University of Vermont

SOCIETIES AND MEMBERSHIP

American Association for Cancer Research
American College of Surgeons

American Institute of Ultrasound in Medicine
American Peptide Society

Association for Academic Surgery

Cancer and Leukemia Group B

John H. Davis Society

National Surgical Adjuvant Breast and Bowel Project
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for clinical trial, "The Sentinel Node in Elderly Breast Cancer Patients"
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University of Vermont
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OTHER PROFESSIONAL ACTIVITIES

American Cancer Society, Vermont Division Board of Directors
Vermont Cancer Coalition/Professional Education/
Quality Assurance Committee
Breast Cancer Professional Education/Quality Assurance
Committee
Cancer Liaison Officer, Medical Center Hospital of Vermont
American College of Surgeons Commission on Cancer,
State Chair, Vermont Cancer Liaison Physicians
~ American College of Surgeons Commission on Cancer
Vermont Tumor Registry Task Force
Lake Champlain Cancer Research Organization Scientific
Advisory Board
Reviewer, Joumnal of Trauma
Reviewer, Int J Hyperther
Reviewer, Journal of the American Academy of Dematology
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Reviewer, Surgery.
Scientific Reviewer, Department of Defense grant
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Reviewer, Kluwer Academic Publishers, Norwell MA
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Reviewer, The Lancet, England
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Reviewer, N Engl J Med, Boston MA
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Reviewer, Breast Cancer Research and Treatment/Kluwer, Norwell MA
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Workshops for melanoma/breast staging for lymphatic resection
protocols, American College of Surgeons convention, New
Orleans, LA

Workshop for breast /melanoma lymphoscintigraphy studies
Soc. of Surg Oncol, Atlanta, GA

Workshops (2) on ultrasound-guided biopsy on phantoms
American College of Surgeons convention,

San Francisco, CA

Investigators' workshop on melanoma trials

Soc. of Surg Oncol, Chicago, IL

Investigators' workshop for Sunbelt melanoma

Society of Surgical Oncology, San Diego, CA

Minimally Invasive Techniques in Breast Care:

A Workshop for Surgeons

Annual Ultrasound for Surgeons & Surgical Residents

- Course, University of Vermont

New methods of staging breast cancer:

University of Vermont Continuing Medical Education
Program, Medical Alumni Reunion '99

Premier One National Oncology Forum

UNDERGRADUATE RESEARCH TEACHING

Nicholas Makhoul
Awardee, Presidents Undergraduate Fellowship Award

Uy Khieu

Awardee, Presidents Undergraduate Fellowship Award

Tam Nguyen

Awardee, Presidents Undergraduate Fellowship Award

Dung Pham

Awardee, Presidents Undergraduate Fellowship Award
Diephung Nguyen
Awardee, Presidents Undergraduate Fellowship Award

GRADUATE RESEARCH TEACHING

A. Chair for Masters thesis

1. Alain Théon, DVM
Chair

2. Lydia Gan, MD

“Chairr =

B. Member Thesis Committee

1. Mary Vassa
2. Joanne Epping
3. Miriam Stoll
4. Dana Osowiecki
5. Sadie Mills
Undergraduate honors thesis: "College Honors"

1995

1996

1996

1997
1998
1998

1996-1999

1999
1999
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1988
1989
1989

1991

1988

1989

1988

1993 and 1994
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C. Oncology Research Fellows

1. Mary Estakhri, MD 1986
2. Jonathan Wardell, MD ' 1987
3. James C. Alex, MD : . - 1992-1993
a. Resident Prize for Research 1994
New England Cancer Society
b. First prize for research presentation 1994
New England Otolaryngologic Society
c. Finalist, Residents Award Competition 1994
Triological Society.
4. Christine Gourin, MD ’ 1992-1993

5. Michael Curran, MD1996
. a. Awardee, Roger S. Allbee Research Fellowship
6. Dr. Hella Gollasch

a. Fellowship award (DAAD:Germman Academic Exchange Program

for Postdoctoral Fellows) 1996-1997
D. Medical Student Research Adviser

1. Melissa Volansky _ 1993
2. Suzanne (Elise) Ames 1995

CONTRACTS AND GRANTS

PI: Krag

Agency: American Cancer Society

Title: "Clinical Oncology Career Development Award"

Amount: $90,000

Period: 1987-1990

PI: Krag

Agency: Cytogen

Title: "Imaging Ovarian Cancer with Radiolabeled Monoclonal Antibody”

Amount; $45,000

Period: 1989-1990

Co-Pt: Krag

Agency: Cytogen

Title: "Imaging Colorectal Cancer with Radiolabeled Monoclonal Antibody"

Amount: $20,000

Period: 1989-1990

Pl Krag

Agericy: ~ Cytogen

Title: "Imaging Ovarian Cancer with Radiolabeled Monoclonal Antibody and
Intraoperative Detection”

Amount: $52,000

Period: 1990-1991
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PI: Krag

Agency: Cytogen : »

Title: IN-18: "Imaging Colorectal Cancer with Radiolabeled Monoclonal Antibody and
Intraoperative Detection”

Amount. = $88,000

Period: 1991-1992

Pl Krag

Agency: Cytogen

Title: 372 IN-10: "Dose Range Efficacy and Safety of Intravenously Administered 111-IN-
CYT-372 in the Imaging of Colorectal Cancer' 6/92-12/93

Amount: $10,500

Period: June 1992-December 1993

Pl Krag

Agency: Zeneca

Title: Protocol 1033IL/0004

Amount. -~ $3,050

Period: 1993

PI: Krag

Agency: National Surgical Adjuvant Breast and Bowel Project

Title: 1) Breast Cancer Prevention Trial

4 -2) Breast and bowel cancer treatment protocols

Amount: $192,500

Period: (May 1992-Present)

Pl: Krag

Agency: Department of Defense (DOD)

Title: Targeting Breast Cancer with Small Ligands

Grant #: DAMD17-94-J-4373 '

Amount: Total: $893,695 Direct: $598,217

Period: 8/31/94-8/30/98

Pt Krag

Agency: National Cancer Institute (NCI)

Title: Minimal Access Surgery for Staging of Breast Cancer

Grant #: U01CAB5121

Amount: Total $1,053,148 Direct: $762,875

Period: 9/16/94-8/31/97

Pl Krag

Agency: Supplement:National Cancer Institute (NCI)

Title: Fluorescence insitu hybridization study for chromosomal aberration
in primary breast tumor and lymph node metastasis

Grant #: UO1CAB5121

Amount: $24,629 direct

Period: 9/16/94-8/31/97
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Pl Krag
Agency: Supplement:National Cancer Institute (NCI)
Title: Reverse transcriptase polymerase chain reaction (PCR) analysis of the sentinel nodes
Grant #: U01CAB5121
Amount: $24,946 direct
Period: 9/16/94-8/31/97
PI: Berta Geller, PhD (Krag Co-investigator/Surgery Coordinator (2% effort)
Agency: National Cancer Institute (NCI)
Title: Vermont Breast Cancer Surveillance System
Grant #: NO1CA70013 ‘
Amount: Total: $520,679 Direct$347,157 :
Period: 9/30/95-7/31/00 (through '98 for Krag only) - 0$ received '97 & '98)
PI: Krag
Agency: Allegheny-Singer Research Institution/NCI
Title: - BCPT ancillary study to assess the effects of tamoxifen
on the hemostatic system and on cholesterol levels
Grant #: DA0026
Amount: Total: $77,757 - Direct: $70,688
Period : 8/15/96-5/31/97
PI: Bruce Compas, PhD (Krag Co-investigator (2.5% effort)
Agency: National Cancer Institute
Title: Comparison of Psychosocial Intervention in Breast Cancer
Grant #: R0O1 CA67936
Amount: Total year 1=$369,622

year2=$361,599 (Total = $1,844,286)
year 3 = 360,637
year 4 = 370,917
Year 5= 381,511

Period: 6/1/97-5/31/02

PI: Krag

Agency: National Cancer Institute(NCI)

Title: The sentinel node in breast-conserving therapy
Grant #: IU 01CA74137

Amount: Total: $2,055,741

year 1 = $647,288

year2 =$701,213

year 3 = $707,240
Period: 7/1/98-6/30/01
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Pl Krag
Agency: Integrated Therapeutics Group, Inc. (Sunbelt Melanoma)
Title: A multicenter trial of adjuvant interferon «-2B for melanoma patients with early
lymph node metastases detected by lymphatic mapping and sentinel lymph node
biopsy
Protocol #: 695
Amount: Total: $28,125 Direct:$21,990
Period: 3/24/98 - indefinitely
Pl Krag-
Agency: DHHS PHS NIH NCI
Title: Targeting Breast Cancer with Small LJgands
Grant# 1 R0O1 CA807790
Amount: Total: $898,175 Direct:: $592,923
Period 4/15/99-3/31/02
PI: Krag
Agency: US Amy Medical Research and Materiel Command (USAMRMC), Congressionally-
Directed Medical Research Programs' Breast Cancer Research Program (BRCP)
Title: ldentification of small ligands targeting breast cancer by in vivo screening of peptide
: ~ libraries in breast cancer patients
Grant # BC980739
Amount: Total: $1,708,901 Direct: $1 133,073
Period: 7/1/99-6/30/02
Pl: Krag
Agent: Zeneca Pharmaceuticals/AstraZeneca
Title: Cancer Research Fund
Status: Unrestricted/one-time gift
Amount: $40,000
Period: 8/31/99 - indefinite
Pl Krag
Agent: NCI
Title: Cancer cells in blood
Grant #: I UG1CA74137 (Administrative supplement)
Amount: $45,000
Period: 7/1/99-6/30/00
PI: Krag
Agent: ~ ° ~ ChromaVision
Title: VCC-D Krag Research Fund
Status: One-time gift
Amount: $60,000
Period: 4/00 - indefinite
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Grants Submitted and Pending:

PI: Krag

Agency: NCI _ :

Title: Identification of small peptides which target cancer cells isolated from blood of
patients ’

Grant #: 1030179440

Amount: Total: 226,500 Direct: $150,000

Period: 7/01/00-6/30/02

NATIONAL CLINICAL TRIALS ACTIVITIES:

Principal investigator at University of Vermont for all 1992-April 1997
NSABP National Surgical Adjuvant and Breast
and Bowel Project clinical trials.

Principal Investigator at University of Vermont for all 1994-1996
CALGB Cancer and Leukemia Group B clinical trials.

Protocol Chairman- 1994-1998
Multicenter clinical trial of Minimal Access Surgical ’
Staging of Breast Cancer

Protocol Chairman- 1994-Present
: Multicenter clinical trial of Minimal Access Surgical
. Staging of Malignant Melanoma
Protocol Chairman- 1998-Present

A Randomized Phase il Clinical Trial to Evaluate Sentinel Node Resection Compared to
Conventional Axillary Lymphadenectomy in Clinically Node-Negative Breast Cancer Patients
(Joint study through University of Vermont and NSABP sponsored by NCI)

BIBLIOGRAPHY FOR DAVID N. KRAG, MD, FACS

A. PUBLISHED WORK

1981 '

1. Keefer J , Barish K, Krag DN and Kay J. Alveolar-arterial 02 difference: A reliable index of Qs/Qt?
Proceedings of the American Association of Anesthesia, p27. ABSTRACT

1882

2. Krag DN and Stansel H. Popliteal synovial cyst causing complete occlusion of the popliteal artery. J
Bone Joint Surg. ' RESEARCH ARTICLE

1984

3. Krag DN, Storm FK, Kem DH, and Morton DL. Indomethacin blocks thermotolerance in human
. malignant cells. Proceedings of the 32nd Meeting of the Radiation Research Society. p52.

ABSTRACT

11




David N. Krag, MD

4. Storm FK, Krag DN, Kaiser LR, Silberman AW, and Morton DL. Localized hyperthermia in phantoms,
animals and human clinical trials. Proceedings of the 20th Annual Meeting of the Amer Soc Clin Oncol .
p259. ‘ ABSTRACT

5. Krag DN, Storm FK, Kem DH, GL Kaufman and Morton DL. Natural thermoresistance and acquired
thermotolerance: Etiology and prevention in vitro. Proceedings of the 4th Intemational Symposium on

Hyperthemmic Oncology, Aarhus, Denmark. July 1984. #96. ABSTRACT

6. Snow DH, Krag DN, Silberman AW and Storm FK. Hyperthermia and reduction of blood supply for
treatment of cancer. Pulse 26:12. RESEARCH ARTICLE

1985

' 7. Chase D, Krag DN, Kem DH, Storm F and Morton DL. Video time-lapse monitoring of acute effects of
hyperthermia on cells in culture. Proceedings of the 5th Annual Meeting of the North American
Hyperthermia Group, p3. - ABSTRACT

8. Silberman AW, RW Rank, Krag DN, Storm FK, Benz M, Drury B and Morton DL. Effect of localized
magnetic induction hyperthermia on the brain: Temperature versus intracranial pressure. Proceedings of
the 33rd Meeting of the Radiation Research Society, p25. ABSTRACT

9. Krag DN, Stom F K,v Kemn DH, and Morton DL. Temperature modulation of PGE2 release by human
malignant cells in vitro. Proceedings of the 5th Annual Meeting of the North American Hyperthermia Group,
p5. ABSTRACT

10. Krag DN, Chase D, Goffney W, Kem DH, Storm FK and Morton DL. Short-term rhodamine 123 (R
123) exposure acts as a potent thermic sensitizer. Proceedings of the 76th Annual Meeting of the
American Association of Cancer Research. May 1985, p239; #941. ABSTRACT

1986
11. Silberman AW, RW R and, Krag DN, Storm FK, Benz M, Drury B and Morton DL. Effect of localized
magnetic-induction hyperthermia on the brain. Cancer 57:1401-1404. RESEARCH ARTICLE

12. Goffney WH, Kem DH, Chase D, Krag DN, and Storm FK. Rhodamine 123 combined with

hyperthermia retards the growth of a human melanoma implanted in nude mice. American College of

Surgeons, 71st Annual Clinical Congress, Surgical Forum, Volume XXXVIi, October. p421.
RESEARCH ARTICLE

13. Krag DN, Storm FK, Drury B, Benz M, J Krag and Morton DL. Hyperglycemic hyperthermia: Using the
glucose clamp technique (GCT). Proceedings of the 34th Annual Radiation Research Society, Philadelphia
PA. April 1986. p14; Bb 10. ABSTRACT

1987

14. Estakhri M, Ulmer J, Théon A, Chase D, Twomey P and Krag DN. Selective retention of rhodamine
123 by spontaneous tumors in outbred animals. 1987 Proceedings of the 78th Annual Meeting of the
American Association for Cancer Research, p437, #6788. ABSTRACT

12




David N. Krag, MD

. 15. Krag DN and Chase D. Survival of human malignant melanoma cells exposed to rhodamine 123 for 24

hours is markedly decreased by small increases in temperature. 1987 Proceedings of the 78th Annual
Meeting of the American Association for Cancer Research, p432; #1713.

ABSTRACT

16. Lameh J, Chuang RY, Krag DN and Chase D. The Inhibitory effect of Rhodamine 123 on DNA and
RNA synthesis of E.coliin vitro. Proceedings of the Westem Pharmacology Society; 30:103-107.
: ABSTRACT

17. Chase D, Krag DN, Johnson L and Storm FK. Rhodamine 123 significantly alters mitochondrial
morphology and viability in human melanoma celis but not in Chinese hamster ovary cells. Proceedings of
the 78th Annual Meeting of the American Association for Cancer Research, p432; #1714.

" ABSTRACT

18. Chuang RY, Krag DN, Chase D and Chuang LF. Rhodamine 123 as a cancer chemotherapeutic agent.
Studies on its interaction with leukemia DNA and RNA polymerases. Proceedings of the 78th Annual
Meeting of the American Association for Cancer Research, p308; #1219. ABSTRACT

1988
19. Kem DH, Krag DN, Kaufman GL, Morton DL and Storm FK. Thermoresistance of human malignant
melanoma modulated prostaglandin E2. J Surg Oncol 37:60-64, January. RESEARCH ARTICLE

20. Théon A and Krag DN. Effects of tumor necrosis factor and hyperthermia on B-16 mouse melanoma
cells in vitro. Proceedings of the 8th Annual Meeting of the North America Hyperthermia Group, Houston, -
TX. p40. ABSTRACT

21. Krag DN, Gan L, and Théon A. Enhancement of rhodamine 123 cytotoxicity by hyperthermia.
Proceedings of the 8th Annual Meeting of the North America Hyperthermia Group p37.
ABSTRACT

22. Woo SY, Van Kersen |, Anderson RL, Krag DN, Kapp DS, Rice GC, and Hahn GM. Heterogeneity of
heat responses in tumors. Proceedings of the 8th Annual Meeting of the North America Hyperthermia
Group p12. ‘ ABSTRACT

23. Estakhri M, Blumenthal S, Twomey P, Krag DN and Chase D. Therapeutic gain in vitro by heat and
Rhodamine 123. Proceedings of the 8th Annual Meeting of the North America Hyperthermia Group p8.
ABSTRACT

24. Wardell JW, Gan L, Théon A, and Krag DN. Verapamil reversal of Rhodamine 123 resistance in
B16F10 mouse melanoma cells. Proceedings of the 79th American Association of Cancer Researchers.
pd75. o ‘ ABSTRACT

25. Krag DN, Théon A, Gan L and Tao Z. Relationship between cellular accumulation of Rhodamine 123
and cytotoxicity in B16 melanoma cells. 22nd Annual Meeting of the Association for Academic Surgery,
p100. ABSTRACT

26. Théon A, Madewell BR, Moore AS, Stephens CH and Krag DN. A pilot study of hyperthermia and
intratumoral cisplatin chemotherapy in spontaneous pet animal tumors. Proceedings of the 8th Annual
Conference, Veterinary Cancer Society. ABSTRACT
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. 1989

27. Edwards B, Gan L, Twomey P and Krag DN. Quinidine enhances Rhodamine 123-mediated
phototoxicity in a new Rhodamine-resistant cell line. Joint meeting of American Society for Cell Biology w.
American Society for Biochemistry & Molecular Biology. 1989, p417a; #2380. ABSTRACT

28. Krag DN, A Théon, Gan L, Wardell J and Zhen S. Relationship between cellular accumulation of
rhodamine 123 and cytotoxicity in B16 melanoma cells. J Surg Res 46:361-365.
' RESEARCH ARTICLE

1990 :
29. Goffney WH, Wong J, Kem D, Chase D, Krag DN, and Storm FK. In vitro and in vivo cytotoxicity of
rhodamine 123 combined with hyperthermia. Cancer Res 50:459-463.

" RESEARCH ARTICLE

30. Krag DN, Théon AP, Schneider PD and Goodnight JE. Intralesional cis-diamminedichloroplatinum and
purified collagen treatment of human metastatic malignancies: A feasibility study, J Surg Oncol 43:83-87.
RESEARCH ARTICLE

31. Krag DN, Théon A, and Gan L. Hyperthermic enhancement of rhodamine 123 cytotoxicity in B16
mouse melanoma cells in vitro. Cancer Res, 50:2385-2389. RESEARCH ARTICLE

32. Krag DN, Storm FK and Morton DL. Induction of transient hyperglycemia in cancer patients. IntJ
Hyperthermia. Vol. 6 (4):741-744. RESEARCH ARTICLE

33. Krag DN, Théon AP, Gan L, Wardell J, Zhen S. Reversal of thermochemotherapeutic drug resistance
with verapamil. IntJ Hyperthermia 6 (5):933-941.

RESEARCH ARTICLE

34.' Gan L, Krag DN, Théon AP, Zhen TS and Wardell J. Reversal of thermochemotherapeutic drug
resistance by Verapamil. Poster presentation at 10th Annual Meeting North American Hyperthermia Group,
April 1990. p024 ABSTRACT

35. Leach MW, Higgins RJ, Boggan JE, Elkhaled S, Smith KM, Krag DN and Lee S, Theilen GH.
Effectiveness of a new chlorine compound in photo dynamic therapy of the subcutaneous 9L rat glioma. 3rd
Biennial Meeting of the Intemational Photodynamic Association. p37; #32.

ABSTRACT

36. Mann WJ, Surwit EA, Krag DN, Katterhagen JG, Gallion H and Delgado G. immunoscintigraphy of
ovarian cancer with indium IN-111-CYT-103. Biology and Therapy of Ovarian Cancer Meeting sponsored
by Fox Chase Cancer Center, Marble Island Resort, October, 1990.

T ABSTRACT

37. Théon AP, Pascoe JR, Krag DN. Intraoperative cisplatin chemotherapy for the treatment of equine
malignancies. Proceedings for the 10th Annual Conference, Veterinary Cancer Society, Aubum, AL. 1990.
p131 , ABSTRACT
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. 38. Théon AP, Madewell BR, Kraegel S, Marks S, Peaston A, Krag DN. iradiation and intratumoral
cisplatin chemotherapy: A pilot study in spontaneous canine tumors. Proceedings of the 10th Annual
Conference, Veterinary Cancer Society, Aubum AL. 1990. p131. ABSTRACT

1991

39. Woo SY, Anderson RL , Kapp DS, Van Kerson |, Rice GC, DN Krag, Hahn GM. Heterogeneity of heat
response in murine canine and human tumors: Influence on predictive assays. IntJ Radiat Oncol. Biol,
Phys 20:479-488. RESEARCH ARTICLE

40. Krag DN, Klein H, Schneider PD, Goodnight JE. The Role of composite tissue transfer (CTT) in fimb
salvage surgery. Arch Surg 126:639-641. RESEARCH ARTICLE

41. Doerr RJ, Abdel-Nabi H, Krag DN, Mitchell E. Radiolabeled antibody imaging in the management of
colorectal cancer: Results of a multicenter clinical study. Ann Surg 214, 2:118-124.
RESEARCH ARTICLE

42. Théon AP, Madewell BR, Moore AS, Stephens C, Krag DN. Localized thermocisplatin therapy: A pilot
study in spontaneous canine and feline tumors. Int J Hyperther. Vol.7, 6:881-892.
RESEARCH ARTICLE .

43. Wolf RF, Goodnight JE, Krag DN, Schneider PD; Non-colorectal liver metastases: results of resection
and proposed guidelines for patient selection. Suraery, Gynecology & Obstetrics 173:454-460.
RESEARCH ARTICLE

. 44. Krag DN, Haseman MK, Ford P, Smith L, Taylor MH, Schneider PD. Intrabperative detection of
ovarian and colorectal cancer using a hand-held gamma counter in diagnostic uses of radiolabeled
antibodies. Haseman MK (ed), Frontiers in Nuclear Medicine p163-170. RESEARCH ARTICLE

45. Krag DN, Ford P, Smith L, Taylor M, Schneider P, Goodnight JE. Clinical immunoscintigraphy of
recurrent ovarian cancer with 111IN-CYT-103. 6th Intemational Monoclonal Antibody immunoconjugates for

Cancer, San Diego, Califomia. ABSTRACT

1992

46. Krag DN. Antibody imaging for ovarian cancer. Applied Radiology 21, No 3: p30-33, March.
RESEARCH ARTICLE

47. Collier BD, Abdel-Nabi H, Doerr RJ, Harwood JO, Kaplan EH, Winzelberg GG, Grossman SJ, Krag DN,
Mitchell EP Immunoscintigraphy with 111 In-Cyt-103 in the management of colorectal carcinoma: A
comparison with computed tomograph. Radiology 185:179-86. RESEARCH ARTICLE

48. Krag DN, Ford PV, Patel M, Schneider PD, Goodnight JE. Gamma probe-guided bone biopsies: A
simplified technique to biopsy abnormal bony radiolocalizations. Surg Oncol 1 (5):371-377.
RESEARCH ARTICLE

49. Krag DN, Haseman MK, Ford P, Smith L, Taylor MH, Schneider P, Goodnight JE. Gamma-probe
localization of 111indium-labeled B72.3: An extension of immunoscintigraphy. J of Surg Oncol 51:226-230.
. RESEARCH ARTICLE -
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1993

50. Théon AP, Pascoe JR, Carlson GP, Krag DN. Intratumoral chemotherapy with cisplatin in oily emuision

for treatment of tumors in horses. Joumal of the American Veterinary Medical Association: 202 (2):261-267.
RESEARCH ARTICLE

51. Zulim RA, Rocco M, Goodnight Jr. JE, Smith GJ, Krag DN, and Schneider PD. Intraoperative
autotransfusion in hepatic resection for malignancy: s it safe? Arch Surg 128:206-211.
RESEARCH ARTICLE

52. Krag DN. Clinical utility of immunoscintigraphy in managing ovarian cancer. J Nucl Med 34:545-548.
' RESEARCH ARTICLE ‘

53. Krag DN, Ford P, Smith L, Taylor M, Schneider PD, Bushberg JT, Goodnight JE. Clinical
immunoscintigraphy of recurrent ovarian cancer with 111indium-labeled B72.3 monoclonal antibody. Arch
Surg 128:819-823. RESEARCH ARTICLE

54. Alex JC, Krag DN. Gamma probe-guided localization of lymph nodes. Surg Oncol 2:137-143.
RESEARCH ARTICLE

55. Alex JC, Weaver DL, Fairbank JT, Krag DN. Gamma-probe-guided lymph node localization in
malignant melanoma. Surg Oncol 2:303-308. RESEARCH ARTICLE :

56. Krag DN, Weaver DL, Alex JC, Fairbank JT. Surgical resection and radiolocalization of the sentinel
lymph node in breast cancer using a gamma probe. Surg Oncol 2:335-340.
RESEARCH ARTICLE

57. Krag DN. Cancer prevention & control: Breast care and treatment. Perspectives. Vol 4, No 4; Vermont
Department of Health. INVITED COMMENTARY

58. Krag DN, DL Morton, and FK Storm. Magnetic induction heating of large visceral tumors.
Hyperthermia: Past experience and future prospects, George M. Hahn Symposium, Palo Alto, Califomnia.
p18 (S-7). ABSTRACT

59. Gourin CG, Gan L, Vichi P, Tritton T, Krag DN. Efflux of fura-2 from multidrug-resistant B16 cells:
reversal by verapamil and organic anion transport inhibitors. 1996 Spring Meeting - New England Cancer
Society, Boston, MA. p33 ABSTRACT

60. Alex JC, Weaver DL, Fairbank JT, Krag DN, Rankin B. Gamma-probe-guided localization of lymph
nodes in malignant melanoma. 104th Annual Fall Meeting - New England Cancer Society, Boston, MA.
p27 ABSTRACT

61. Surwit EA, Childers JM, DN Krag, Katterhagen JG, Gallion HH, Waggoner S, Mann WJ. Clinical
assessment of 111IN-CYT-103 immunoscintigraphy in ovarian cancer. Surgery, Gynecology and Obstetrics
48:285-292. RESEARCH ARTICLE

1994

62. Gourin CG, Gan L, Vichi P, Tritton TR, Krag DN. Efflux of fura-2 from multidrug resistant B16 cells:

reversal by verapamil and organic anion transport inhibitor. Cellular Pharmacology 2:115-120.
RESEARCH ARTICLE
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63. Oligino L and Krag, DN. Targeting breast cancer with small ligands. 1994 Regional Cancer Research
Symposium, Vermont Cancer Center, Burlington, VT. October. #33. ABSTRACT

64. DN Krag, DL Weaver, JC Alex, JT Fairbank. Gamma probe-guided radiolocalization of the sentinel
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RESEARCH ARTICLE

70. Krag DN, Meijer S, Weaver D, Loggie B, Laughlin E, Alex J. Minimal access surgery for staging
regional lymph nodes in malignant melanoma. Society of Surgical Oncology 48th Annual Cancer
Symposium, Boston, MA. March 1995. p29. ABSTRACT
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74. Gourin CG, Krag DN. Targeted imaging of colorectal cancer. Viadimir P Torchilin, PhD, (ed):
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Meeting, February 1997, Dallas, TX. ABSTRACT
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89. Moffat FL, Gulec SA, Sfakianakis GN, Sittler SY, Allen L, Serafini AN, Pruett CS, Robinson DS,

Livingstone AS, Krag DN. Sentinel node biopsy for breast cancer using unfiltered 99mTc sulfur-colloid and
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"Breast Cancer Diagnosis and Treatment"
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Department of Surgery, University of Vermont.

Stowe, VT. February

"Tumors of the Liver: Surgical Management"

Post graduate course: Current Concepts and Controversies in Surgery
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26




David N. Krag, MD

"Cancer of the Breast" :
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3rd Annual Current Concepts and Controversies in Surgery
Department of Surgery, University of Vermont
. Stowe, VT. February
"Immunoscintography in the Management of Colorectal Cancer”
American College of Surgeons Brooklyn/Long Island Chapter
Garden City, NY. March
"Surgical Resection and Radiolocalization of Sentinel Lymph Node in Breast Cancer Using a Gamma
Probe" ’
Society of Surgical Oncology/47th Annual Cancer Symposium
Houston, TX. March
"Breast Cancer - What It Is and How It Is Treated"
Vemont Society for Medical Technology
Burlington, VT. April
"Gamma Probe for Intraoperative Detection of Radiolabeled Tissues”
Glens Falls Hospital .
Glens Falis, NY. May
"The Current Diagnosis, Management, and Screening for Breast Cancer”
Postgraduate course: Family Practice Review Course, University of Vermont
Burlington, VT. June
"Targeting Breast Cancer with Smali Ligands"
Signal Transduction Group, University of Vermont
Burlington, VT. September
"Minimal Access Surgery for Staging Breast Cancer”
Surgical Grand Rounds, Women's College Hospital
. Toronto, Ontario, Canada October -
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. "Minimal Access Surgery for Staging Breast Cancer”
CALGB Fall Group Meeting
Atlanta, GA November
"Minimal Access Surgical Staging of Melanoma"
Rutland Regional Medical Center
Rutland, VT. December
"Diagnosis-and Management of Breast Cancer"
18th Annual Postgraduate Course in Obstetrics & Gynecology
University of Vermont :
. Burlington, VT. April
1995 '
"Sentinel Node in Presurgical Staging of Breast Cancer”
Nuclear Oncology: Advances in Diagnostic and Therapeutic Applications
University of Miami, Dept. of Radiology
Key Biscayne, FL. January
"Management of the Axilla"
Innovations in General Surgery
University of Miami School of Medicine
Miami, FL. ' : January
"Radiolocalization Techniques for Chest Wall Disease & Bony Metastases”
Innovations in General Surgery
University of Miami School of Medicine
Miami, FL. January
"Gamma Probe-Guided Resection of Axillary Sentinel Node for Breast Cancer".
. 48th Annual Society of Surgical Oncology Symposium
Boston, MA. March
"Minimal Access Surgery for Staging of breast CA-Sentinel Node Concept"
Surgical Grand Rounds, Maimonides Medical Center
Brooklyn, NY. Apnl
"Minimal Access Surgical Staging of Melanoma and Breast Cancer”
St. Joseph's Medical Center
Stockton, CA. July
"Breast Cancer Management"
Local chapter of the American Cancer Society.
Buriington, VT. September
"Workup of the Nonpalpable Breast Lesion"
Surgical Grand Rounds, MCHV, University of Vermont
Burlington, VT. September
"Breast Care Management Update"
ETV Public television: Across the Fence
Aired in October
Winooski, VT. September
"Minimal Access Surgical Staging of Malignant Melanoma and Breast Cancer”
Surgical Grand Rounds, Good Samaritan Hospital and Health Center
Dayton, OH. November
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.’ 1996 -
'The Breast Care Center"

Development/Fletcher Allen Health Care
Medical Center Hospital of Vermont
Burlington, VT. January
"Minimal Access Surgery for Staging of Malignant Melanoma"
Eastem Winter Dermatology Conference
Dept. of Medicine, Dermatology Division, University of Vermont
Stowe, VT. January
"Breast Ultrasound"
5th Annual Current Concepts and Controversies in Surgery and Ultrasound Course
University of Vermont, Fletcher Allen Health Care, Department of Surgery
Stowe, VT. February -
"Management of Patients w. Melanoma and Other Skin Cancers"
5th Annual Current Concepts and Controversies in Surgery and Ultrasound Course
University of Vermont, Fletcher Allen Health Care, Department of Surgery
Stowe, VT. February
"Minimal Access Surgical Staging of Malignant Melanoma"
New England Surgical Society 1996 Spring Meeting
Burlington, VT. March
"Selective Resection of Primary Lymph Nodes for Staging Breast Cancer”
National Surgical Adjuvant Breast and Bowel Project Group Meeting
Orlando, FL. March
"Intraoperative Ultrasonography"
. Society of Surgical Oncology Minimal Invasive Surgery in Cancer Management Symposium
Atlanta, GA. . March
"Intraoperative Detection of Sentinel Lymph Nodes"
Johns Hopkins Nuclear Oncology Course
Baltimore, MD March
"Primary Node Biopsy and Breast Cancer"
Postgraduate Course: The Multidisciplinary Breast Center
82nd Clinical Congress, American College of Surgeons
San Francisco, CA. October .
“Intraoperative Ultrasound in the Excision of Nonpalpable Carcinoma of the Breast:A Preliminary Report"
Postgraduate Course: Ultrasound for the Surgeons
82nd Clinical Congress, American College of Surgeons
San Francisco, CA. October
"Lymph Node Mapping and Treatment for Breast Cancer”
University of Pennsylvania Medical Center
Philadelphia, PA November
"Targeting Lymph Nodes in Melanoma and Breast Cancer Patients"
- Wayne State University School of Medicine
Detroit, Mi December
"The Sentinel Node in Breast Cancer"
Deaconess Hospital
Boston, MA December
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1997
"Sentinel Node Biopsies for Breast Cancer"
Meet the Professor Breakfasts
Society of Surgical Oncology 1997 annual meeting
Chicago, IL March
"Partial Lymphadenectomy for the Staging and Treatment of Breast Cancer”
American College of Surgeons '97 Spring Meeting/Postgraduate Course
"Controversial Issues in Cancer Management" pages 6-7
" San Diego, CA April
"Limited and Targeted Node Biopsy for Staging Breast Cancer”
Postgraduate Breast Cancer Course
49th Southwestem Surgical Congress

Rancho Mirage, CA April
"Ultrasound for Surgical Residents '97"
University of Vermont - :
~ Burlington, VT May
"Sentinel Lymph Node Analysis: Can this be done
percutaneously?"

"Breast Imaging and lnterventlon into the 21st Century: As Multi-Disciplinary Challenge,”
Sally Jobe Breast Centre
Carlsbad, CA September
"New modalities in breast imaging"
"Breast Imaging and Intervention into the 21st Century: As Multi-Disciplinary Challenge
The Sally Jobe Breast Centre
Carisbad, CA September
"Axillary Staging of Breast Cancer using the "Sentinel" Node Procedure "
Vermont Cancer Center Symposium
Sheraton Conference Center
So. Burlington, VT November
1998
"Sentinel Node in Breast Cancer-Multicenter Results"
7th Annual Current Concepts and Controversies in Surgery
Topnotch at Stowe Resort and Spa
Stowe, VT February
"Q & A/Discussion of Live Cases"
Breast Imaging and Intervention into the 21st Century:A Multi-Disciplinary Challenge
The Sally Jobe Breast Centre
Ocean Reef Resort
Key Largo, FL February
"Breast Ultrasound: Radiologist or Surgeons?"
Breast Imaging and Intervention into the 21st Century:A Multi- D|5C|p||nary Challenge
"The Sally Jobe Breast Centre
Ocean Reef Resort -
Key Largo, FL February
"Sentinel Lymph Node Analysis —"
Breast Imaging and Intervention into the 21st Century:A Multi-Disciplinary Challenge
The Sally Jobe Breast Centre
Ocean Reef Resort
Key Largo, FL February
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. "Clinical Breast Problem Solving"
Breast Imaging and Intervention into the 21st Century:A Multi-Disciplinary
Challenge
The Sally Jobe Breast Centre
Ocean Reef Resort
Key Largo, FL February
"Sentinel Node Tricks - A 'how-to' Workshop"
Breast Imaging and Intervention into the 21st Century:A Multi-Disciplinary Challenge
The Sally Jobe Breast Centre
Ocean Reef Resort
Key Largo, FL February
"New Possibilities for Minimally Invasive Breast Cancer Treatment"
Breast Imaging and Intervention into the 21st Century:A Multi- D|5C|phnary Challenge
The Sally Jobe Breast Centre
Ocean Reef Resort
Key Largo, FL February
"The Surgical Future of Breast Care"
National Consortium of Breast Centers, Inc. '98 Annual Meeting
Breast Center Development Conference
Atlanta, GA April
"Minimally invasive surgical staging of breast cancer”
19th Annual Gary P. Wratten Surgical Symposium
Mologne House, Walter Reed Army Medical Center
Washington, DC AprilMay
. "Minimal surgical staging of breast cancer”
National Surgical Adjuvant Breast and Bowel Project
Grand Hyatt at Washington Center
Washington, DC June
"Sentinel node in breast cancer”
XVII UICC International Cancer Congress
Riocentro Convention Centre
Rio de Janeiro, Brazil August
"The use of intraoperative ultrasound to guided resection of impalpable breast lesion”
VIII Clinical Congress, Lebanon Chapter American College of Surgeons
Riviera Hotel
Beirut, Lebanon September
" Sentinel node biopsy in the surgery of primary breast cancer: the North American experience"”
Vil Clinical Congress, Lebanon Chapter American College of Surgeons
Riviera Hotel
Beirut, Lebanon September
"Sentinel node biopsy: Breast"
American College of Surgeons 84th Annual Clinical Congress
Omni Hotel
Orlando, FL October
"Radioisotopes”
American College of Surgeons 84th Annual Clinical Congress
Omni Hotel
. Orlando, FI October
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"Partial lymphadenectomy for staging breast cancer”
Elliot Hospital and Catholic Medical Center
Manchester, NH October
"NSABP B-32 Sentinel Node Clinical Trial"
Surgical Grand Rounds
Lankenau Hospital
Wynnewood, PA October
"The Sentinel Lymph Node in Breast Cancer"
Surgical Grand Rounds
The Breast Center at Mercy
Baitimore, MD November
"Gamma probes for detection of radiolabeled tissues”
IEEE Nuclear Science Symposium
Westin Harbor Castle
Toronto, Ontario, Canada November
"NSABP B-32: A randomized, Phase lIl clinical trial to compare sentinel node resection to conventional
axillary dissection in clinically node-negative breast cancer patients” '
NSABP Group Meeting
Orando, FL December
1999
"Research on Small Ligands"
Breast Care Affinity Group Meeting
University of Vermont
Burlington, VT January
"Sentinel node evaluation for breast cancer”
17th Annual Conference of Clinical Hematology and Oncology 1999
Scripps Clinic
La Jolla, CA February
"Gamma probe-guided sentinel lymphodonectomy” _
12th International Consensus Symposium: Sentinel Lymphonodectomy in Cutaneous

Malignancies
Dept. of Dermatology and Allergology, Essex Pharma GmbH
Augsburg, Gemmany March

"The lymphatic system:the emergence of the sentinel node concept”
1st International Congress on the Sentinel Node in Diagnosis and Treatment of Cancer
Amsterdam, the Netherlands April

Co-Chair:

1) "Meet the expert”’ breakfast session Breast Cancer

2) Plenary sessions :
1st Intemational Congress on the Sentinel Node in Diagnosis and Treatment of Cancer
Amsterdam, the Netherlands April

3) Free paper session "Breast Cancer” :
1st Intemnational Congress on the Sentinel Node in Diagnosis and Treatment of Cancer
Amsterdam, the Netherlands April

"Imaging diagnostic and sentinel node biopsy"
12th Intemational Symposium of Foundation for Promotion of Cancer Research
Tsukuji, Tokyo, Japan April
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Chairperson:
"Surgery and post-surgical follow-up™
12th International Symposium of Foundation for Promotion of Cancer Research
Tsukuiji, Tokyo, Japan April
Lecturer: '
Lymphatic Mapping Course
University of California San Francisco
Mt. Zion Medical Center

San Francisco, CA May
"B-32 Trial" _
Competitive renewal of our NCI grant
NSABP '
Pittsburgh, PA September

"How to do it - radiocolloid alone"
American College of Surgeons Clinical Congress
Post Graduate Course: Lymphatic Mapping and the Significance of Sentine! Node Biopsy
San Francisco, CA October
Panelist.
"Management of the axilla": The Role of the Surgeon in the Management of Breast Cancer
American College of Surgeons Clinical Congress
San Francisco, CA October
"Sentinel node evaluation for breast cancer”
23rd Annual Cancer Symposium for Physicians
Stevens Cancer Center, Scripps Memorial Hospitals
San Diego, CA October
"Sentinel lymph node biopsy for the detection of metastases"
National Oncology Forum
Chicago, IL October
2000
“History of sentinel node biopsy”
First Aimanac Symposium: Sentinel Node Biopsy in Breast Cancer
University of Wales College of Medicine
Cardiff, UK January

“Sentinel node in breast cancer”
Miami Breast Conference
Loews Miami Beach Hotel
Coral Gables, FL March
“Ultrasound-guided resection of nonpalpable lesions”
Miami Breast Conference ’
Loews Miami Beach Hotel
" Coral Gables, FLL. ©~ March
“Sentinel node in breast cancer and melanoma”
Surgical Grand Rounds
Maine Medical center
Portland, ME April
“Intraoperative ultrasound-guided resection of nonpalpable lesions”
Xl International Congress of Senology
Cancun, Mexico
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“NSABP (B-32) trials: past, present and future”
. Xl Intemational Congress of Senology
Cancun, Mexico
“Sentinel node biopsy”
Chairman: Discussion Table 23
X! Intemational Congress of Senology
Cancun, Mexico
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Introductory Statement
and General Investigational Plan

 We are requesting an IND for a process which we call “in vivo screening of phage-displayed
random peptide libraries”, which we will refer to in this package as “in vivo RPL screening”.

The broad objective is to identify small molecules that bind specifically to tumor cells or to
endothelial cells lining blood vessels specifically supplying tumor tissue. Such molecules can be
conjugated to cytotoxic agents or immunomodulatory agents in order to eradicate tumor tissue
without harming normal cells. In other words, this product will be used in the development of
novel and effective therapeutic agents for cancer patients.

The RPLs to be used for this project have been constructed in a phage-display system. Phage-
displayed are particularly powerful in that the peptides are physically linked to their encoding
DNA. Because DNA is easily amplified for sequencing, one binding peptide out of millions can
be determined. The RPL is made using filamentous phage which infect and multiply in E. coli.
Each phage particle has five copies of a minor coat protein (pILI) located at one end. Random
synthetic DNA is inserted into the gene coding for pIII so that the foreign DNA is expressed at
the free N-terminus of pIII as random peptides. Up to 5 copies of each peptide are physically
“displayed” by each phage particle. Each phage particle displays a different peptide and is easily
amplified in E. coli. After amplification the phage DNA is sequenced to deduce the identity of
the displayed peptide. The small size of the library particles allows manipulation of millions of
different potential binding units in a few microliters.

The route of administration will be intravenous. The broad objectives are to develop small
molecule ligands against biological targets for the purposes of anticancer therapy. The planned
duration will be 12 to 24 months.

Dr. Hans Ochs, an immunologist who is one of the pioneers of using phage $X174 for antibody
response analysis, is a collaborator on this project. Dr. Ochs’s group has had an IND from the
FDA (IND number BB-IND 714, $X174, Dr. Hans Ochs, University of Washington, Seattle,
WA) for over 20 years for this procedure and has performed extensive studies with
bacteriophage injected IV in humans. It has been used safely in over 3000 patients to monitor
antibody responses with only rare adverse reactions in patients with unusual genetic immune
deficiencies. Investigations were carried out by his group to detect phage DNA incorporation
into eukaryotic cells and was found only transiently in lymphocytes.

To our knowledge this biological drug has not been previously withdrawn

Plan for investigation: We propose the use of in vivo RPL screening to identify small peptide
ligands to tumor-specific molecular targets in patients with breast cancer or malignant melanoma. In
future studies, these peptides will be modified if necessary to optimize in vivo stability, coupled to
cytotoxic or other therapeutic agents, and used to mediate the specific destruction of cancer cells.

Rationale: A major problem in the treatment of cancer is that present therapies lack specificity
for tumor cells and are extremely toxic to normal cells. The development of therapies with high
specificity for tumor are an utmost priority in cancer research. Exciting progress has been made
in the elucidation of key molecules found specifically overexpressed or underexpressed in
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cancer cells. However, effective ways to exploit these tumor-associated targets for therapy have
not yet been developed. A means to specifically direct therapeutic agents to these defined
molecular differences is critically needed. Large libraries of small compounds are a rich source
of small ligands which may target tumors. These libraries which consist of millions or even
billions of different peptides have been constructed by our laboratory to identify small peptide
ligands which will specifically bind to tumor cells and not to normal cells.

Other advantages of peptide ligands for tumor targeting are that they can be easily synthesized in
the large amounts needed for clinical use, their chemistry is well known, and conjugation
methods are routine. Peptides are very promising targeting agents because they can potentially
bind targets with the same exquisite specificity as antibodies, and are likely to have far more
favorable pharmacokinetics. Alternatively, peptide motifs can be used to direct other agents
which have therapeutic activity, such as cytotoxic drugs, immune modulating agents, ribozymes,
and gene therapy delivery systems such as liposomes or viral particles, to a specific molecular
target. Peptides can also potentially target imaging agents for diagnostic purposes.

In vivo RPL screens in humans offer several potentially critical advantages over in vifro
screening including: 1) Tumor targets will be in their native conformation with all their human
post-translational modifications. 2) Inherent selection of peptides that recognize specific targets
due to efficient “subtraction” of library clones which bind to normal tissue during exposure of
the injected library to the entire body. 3) Inherent selection of only peptides which are stable in .
vivo. 4) Inherent targeting of only targets which are stable in vivo and which are capable of
binding ligands in vivo. 5) Purification or prior knowledge of particular targets is not necessary.
6) Potential elucidation of novel tumor targets. Targets are not influenced by immunogenicity as
with targets defined only by monoclonal antibody development.

General approach: Eligible patients will have advanced breast cancer or malignant melanoma.
Blood levels of anti-bacteriophage antibodies will be determined by ELISA prior to
administration of the bacteriophage library.

Patients will be admitted to the University of Vermont General Clinical Research Center
(GCRC). An intravenous line will be placed. Baseline vital signs (blood pressure, pulse,
temperature, and respiratory rate) will be determined before infusion of phage, every 15 minutes
during infusion and for 2 hours after infusion. There is the risk of an allergic reaction, including
an anaphylactic reaction, associated with the administration of the phage library. Therefore, the
patient will be closely monitored and personnel skilled in handling allergic reactions will be
present during infusions and all equipment for handling such reactions will be immediately
available. The likelihood of adverse reactions is low since a similar strain of bacteriophage has
been injected safely into several thousand patients. The small number of individual molecules of
each type of peptide which will be injected are not expected to result in toxicity.

The peptide-phage to be injected will be prepared and tested for sterility and pyrogenicity
according to FDA standards prior to administration. Before phage injection, one sample of
tumor tissue from the patient will be biopsied, snap frozen and sixty slides will be prepared for
later testing of selected clones for tumor binding affinity. The library will be diluted in 250 ml
saline and infused intravenously over 10 minutes. Small amounts of tumor tissue will be
removed in the procedure room of the GCRC at time points of 10 minutes or 24 hours post
infusion. Standard surgical technique typical for performing a surgical biopsy will be utilized for
the biopsy procedures. It is intended that the biopsies be as small as possible (one gram or less).

Introductory Statement and General Investigational Plan Page 2 of 3




The tumor tissue will be ground and E. coli will be added to amplify phage. Phage will be eluted
from tumor cells and amplified. Phage will be amplified and quantified by titering, with results
available within 12 hours. Amplified phage will be prepared as was described above for initial
infusion and will be reinjected as soon as possible. The harvest and amplification sequence will
be repeated a maximum of 2 times for a maximum of three screenings in one patient. Screening
will ideally be completed in less than 7 days to avoid a patient Ab response to phage. Throughout
the screening process patients will be carefully evaluated for adverse reactions.

Peptides displayed by phage isolated from tumor tissue will be routinely analyzed for both
consensus amino acid sequences and tumor-binding. Any consensus sequences identified from
phage eluted specifically from the tumor tissue will be candidates for tumor-specific peptides.
Tumor specific binding will be assessed by THC on tissue sections of tumor harvested before
phage injection. Binding to normal tissue will be assessed by IHC on normal, quick frozen
breast tissue excised at the same time as the first tumor biopsy (before phage injection) and on a
large panel of 32 different normal human tissues. IHC with anti-transferrin receptor mAb will be
used as a positive control to assure tissue and assay reliability.

Promising peptides will be synthesized and tested for tumor specificity. Peptide binders we
identify by whole body screens, almost by definition, are likely to be stable in serum and
generally stable in vivo, a major advantage to this technique.

In future studies, we will evaluate the efficacy of peptide-therapeutic conjugates. In addition to
attaching standard cytotoxic drugs to the ligands, in separate experiments we will attach
immunogenic peptides, perhaps one to which most people have already been immunized against.
The binding of a molecule bearing an immunogenic peptide to the tumor cell surface may
stimulate the immune system to eliminate the tumor cell. Thus, instead of using dangerous chemicals

or radiation, we may be able to direct the body’s own immune system to more naturally eradicate
tumor cells.

The estimated number of patients will be twenty. The most severe possible risk is allergic reaction. This
will be monitored closely and on immediate standby will be full support methods to treat any potential
reaction.

Bacteriophage are known to specifically infect only bacteria, and each bacteriophage strain

infects only a very narrow range of bacterial species. The possibility of bacteriophage “infecting”
eukaryotic cells in any way is highly unlikely.
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1.0

INTRODUCTION

A major problem in the treatment of breast cancer is that present therapies lack specificity .
for tumor cells and are extremely toxic to normal cells. The development of therapies with high
specificity for tumor is an utmost priority in breast cancer research. Exciting progress has been
made in the elucidation of key molecules found specifically overexpressed or underexpressed i
breast cancer cells. However, effective ways to exploit these tumor-associated targets for therapy
have not yet been developed. A means to specifically direct therapeutic agents to these defined
molecular differences is critically needed. Many high molecular weight targeting agents, antibodies
in particular, have been identified which are specifically directed against tumor-associated
molecules. However, coupled to cytotoxic agents or alone, the performance of antibodies (Abs) or
Ab fragments in clinical trials has been disappointing [22, 45, 46, 48, 49]. Results with Herceptin,
an antibody against the clinically important breast cancer target ErbB2, have been more promising
than most antibody trials, and confirm the value of ErbB2 as a target. However, the clmical
responses with Herceptin are far from ideal [15, 75]. Failure of antibodies in the clinic is likely
due to the unfavorable pharmacokinetics, lack of tumor penetration, and immunogenicity of
molecules this large, as well as their non-specific uptake by the reticuloendothelial system {16, 33,
41, 57). Smaller single cham Fv (sFv) Ab fragments have been developed with high affinity to
ErbB2 [70] and it will be interesting to see how these molecules perform in the clinic. However,
the vast majority of effective drugs are of much lower molecular weight than sFvs (25kD) and the
discovery of smaller tumor-specific ligands would be extremely valuable. As has become
apparent with the Herceptin trials, and also in Judah Folkman’s promising work with
antiangiogenesis factors, large proteins are also difficult to synthesize in amounts necessary for
clinical use. Furthermore, many of the most promising cancer-specific targets are intracellular or
intranuclear. Antibodies are not likely to be effective against these intracellular targets. Because
of this disappointing progress in tumor-targeted therapy over the past decades, it is clear that
dramatically innovative approaches are needed. '

Our Iab is attempting to identify novel small ligands (1-2 kD) that bind specifically to
tumor cells. Small ligands may have therapeutic activity alone, as does Herceptin, presumably by
inhibiting a target molecule that actively plays a role i carcinogenesis. Small igands can also be
coupled to cytotoxic agents and used to mediate the specific destruction of tumor cells, even if their
target molecules do not play an active role in cancer progression, as long as they are specifically
present on the tumor (or on blood vessels specifically supplying tumor.) Ligands much smaller than
antibody fragments may have important advantages in targeted therapy including improved tumor to
non-tumor uptake ratios, better penetration of solid tumors, and non-immunogenicity. Small molecules
are also easter to synthesize in the large amounts necessary for clinical use, are less likely to interfere
with the effects of conjugated cytotoxic drugs, and may have improved specificity as there 1s less
surface to mteract non-specifically with other body components.

Large libraries of small compounds are a rich source of small ligands that may target
tumors. Several types of these libraries, which consist of millions or even billions of different
peptides, oligonucleotides, or synthetic molecules, have been constructed and used to 1solate small
ligands or lead compounds to many targets. The construction of libraries like these and their use in
the identification of specific ligands, known as combinatorial technology, has revolutionized the
field of drug discovery [28]. This proposal describes the use of this technology to identify small
peptide ligands that will specifically bind to tumor cells and not to normal cells.

Although peptides have traditionally been discounted as potential therapeutics due to an
assumption of their instability i» vivo, peptides can form an almost infinite number of shapes and
are exactly what nature uses to specifically target molecules both intracellularly and
extracellularly. Many peptides have important biologic functions and potent in vivo activities.
Furthermore, the exciting work of Ruoslahti et al {2, 60, 61, 65] has demonstrated that many
peptides are stabile enough in serum to home specifically to tumors and to various organs. Elegant
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experiments from Affymax [18, 90] also demonstrated that, with minimal modification, peptides
are capable of strong binding and effective agonist activity in vivo to cell surface receptors.
Furthermore, small peptide ligands which are identified to tumor targets by in vitro screening, even
if lacking in vivo stability, can be modified and/or used as a prototype in order to develop a small
molecule which will be more stable and effective in vivo. We have already identified such a small
peptide ligand to a potential tumor target, Grb2, and our collaborators have modified it chemically
such that it retains binding activity in cell lysates [59]. Cyclic peptides are more stable in vivo and
are often more selective for their targets. Many peptide libraries, including those used in our lab,
are biased for cyclic peptides. D-amino acids, non-natural amino acids, and pseudo-peptide bonds
may also confer greater in vivo stability. A novel and intriguing method of obtaining mumetics that
may be more stable i vivo involves using a D-amino acid synthesized target. Screening with the
D -amino acid target can result in the identification of D-amino acid peptide ligands to natural L-

amino acid targets [71]. Peptide structures can also be readily determined by NMR and used to
model peptidomimetics that may be more stable in vivo. The structure of peptide ligands can also
provide important information about the structure of both their receptor targets and the natural
ligands of those targets. Identification of peptide ligands can also facilitate the discovery of natural
ligands to orphan receptors such as ErbB2. Other advantages of peptide ligands for tumor
targeting are that they can be easily synthesized in the large amounts needed for clinical use, therr
chemistry is well known, and conjugation methods are routine.

Peptides and peptidomimetics are very promising targeting agents because they can
potentially bind targets with the same exquisite specificity as antibodies, and are likely to have far
more favorable pharmacokinetics. Peptides can have direct agonist or inhibitory activity on
therapeutic targets. In another project, our lab is attempting to identify peptides that directly
inhibit the dimerization of ErbB2, an effect that may result in therapeutic activity. Alternatively,
peptide motifs can be used to direct other agents that have therapeutic activity, such as cytotoxic
drugs, immune modulating agents, ribozymes, and gene therapy delivery systems such as liposomes
or viral particles, to a specific molecular target. In a remarkable recent report, a short peptide
sequence was grafted onto a 41kD protein capable of inhibiting growth factor receptor signaling
[69]. The peptide allowed the protein to penetrate the cell membrane and to be delivered into the
cytosol from the extracellular environment without detectable proteolysis. The delivered protem
was successful in inhibiting growth factor signal transduction. Peptides can also potentially target
1maging agents for diagnostic purposes.

Using a combinatorial approach, large random peptide libraries (RPLs) have been
constructed in several systems. The RPLs described in this proposal have been or will be
constructed in a phage-display system [19, 21, 83]. Phage-displayed and other biological RPLs
are particularly powerful in that the peptides are physically linked to their encoding DNA.
Because DNA is easily amplified for sequencing, one binding peptide out of millions can be
determined. Phage-displayed libraries are made using filamentous phage that infect and multiply in
E. coli. Each phage particle has five copies of a minor coat protein (plIl) located at one end.
Random synthetic DNA is inserted into the gene coding for plII so that the foreign DNA is
expressed at the free N-terminus of pIII as random peptides. In this system, up to 5 copies of each
peptide are physically “displayed” by each phage particle. (Another commonly used phage-display
system employs the major coat protein and displays several hundred peptides per particle.) Each
phage particle displays a different peptide. A phage particle bearing a peptide which bonds to a
target can be isolated using affinity selection and is easily amplified in E. coli. After amplification
the phage DNA can be sequenced to deduce the identity of the displayed peptide. The small size of
the library particles allows manipulation of millions of different potential binding units in a few
microliters.

Phage-displayed RPLs have been used by our lab and others to isolate small ligands, some
with nanomolar and even picomolar affinity, to a large variety of targets including several potential
tumor targets and other clinically important targets [2, 18, 60, 61, 65, 90]. One example of the use
of small peptides (8 and 12 mer) in targeting tumors has been reported by Renschler et al. [66, 67]

Breast Protocol for IRB Page 4 of 33




who used phage displayed RPLs to identify peptides that bind to the antigen binding receptor of B-
Iymphoma cells and induce apoptosis in vitro. Most of these ligands have been identified usmg in
vitro screening techniques: binding purified target protein to a matrix, incubation of the
mmmobilized protein with the peptide-phage library, washing away non—speciﬁc binders, elution of
specifically bound phage, followed by phage amplification and DNA sequencmg to determine the
identity of the peptide responsible for binding activity.

This proposal describes the use of phage~displayed RPL technology to identify small pepude
ligands to breast cancer-specific targets by in vivo screening in breast cancer patients. In future studies,
these peptides will be modified if necessary to optimize in vivo stability, coupled to cytotoxic or other
therapeutic agents, and used to mediate the specific destruction of breast tumor cells. Proof of concept -
for our project s found in several exciting recent reports {2, 18, 60, 61, 65, 90], one which describes in
vivo screening of RPLs similar to ours in mice bearing human tumor xenografts and the identification of
peptides which home specifically to tumor blood vessels. Administration of peptide-doxorubicin
conjugates to tumor-bearing mice resulted in a marked decrease in doxorubicin toxicity, selective tumor
destruction, and excellent animal survival [2, 4]. The same group has also identified peptides that
bind preferentially in vivo to at least 10 different organs [61, 65], further demonstrating the
powerful ability of small peptides to home to specific molecular “addresses™ in the body. As
mentioned above, Affymax bas also identified peptides from libraries similar o ours that bind with
high affinity i7 vivo to clinically important cell targets. These important findings have introduced a
whole new field of exploration in the search for more specific and effective cancer therapeutics.

We are in a unique position to perform the novel in vivo RPL human screening
experiments described in this proposal. We have extensive experience with phage-RPLs and have
successfully developed binders to several potentially clinically useful targets. The PI has extensive
clinical experience in the IV injection of experimental compounds such as radiolabeled monoclonal
antibodies and the intratumor injection of technetium colloid materials. In vivo RPL screening
experiments [2,4,61,65] are certainly among the most intriguing and novel in cancer research
today. We feel it is important and urgent to pioneer similar techniques in humans, as the
identification of ligands that recognize mouse endothelial cells may not be relevant to treatment of
human breast cancer.

In vivo RPL screens in humans offer several potentially critical advantages over in vifro
screening including:

1) Tumor targets will be in their native conformation with all their human post-translational
modifications. Screening targets in their native in vivo conformation may be especially
mmportant in light of the following: host endothelial targets may be among the most
promising “tumor” targets available [10-12, 27, 37, 60] [4] and “the phenotype of
endothelial cells is unstable and likely to change when the cells are removed from their
microenvironment {3, 8, 65].” Therefore, IV injection of RPLs in vivo may pot only be the
optimal method of presenting these important endothelial targets to the hbrary- it may be
the only effective method. Host targets, which are genetically stable and homogenously
present on target tissues, are particularly attractive due to the heterogenous nature of most
cells of a tumor, which may be difficult to target with even a combination of drugs.
However, targets located directly on tumor cells are also most advantageously presented in
their native conformation.

2) Inherent selection of peptides that recognize specific targets due to efficient “subtraction”
of library clones which bind to normal tissue during exposure of the injected library to the
entire body. Efficient removal of library clones that bind normal tissue is essential to the
recovery of tumor-specific clones. It would be difficult to “subtract” all clones that bind to
every possible normal tissue by in vitro subtraction methods, as this would require having
fresh tissue samples from dozens of human tissues harvested from a cadaver. Subtraction
with fixed tissues may not give satisfactory results since all targets do not retain native
conformation during tissue fixation. Obviously, in vitro subtraction with all possible
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3)
4)

5)
6)

pormal tissues, fresh or fixed, would be impossible to do with the normal tissue of the
same patient being screened. Rajotte et al. [65] noted how their in vivo screening method
“surprisingly. .. consistently yielded tissue-specific homing peptides” and attribute this
success to efficient whole body “elimmation of nonspecific phage.” Further evidence that
in vivo screening methods may be more effective than in vitro methods in the selection of
specific ligands to cell surface targets is supplied in an interesting report by Barry et al [5].
Using whole cells to pan in vitro, peptides were identified which bound to many cell types -
rather than peptides that bound specifically to the cell type used for screening.

Inberent selection of only peptides that are stable in vivo.

Inherent targeting of only targets that are stable in vivo and which are capable of stably
binding ligands in vivo.

Purification or prior knowledge of particular targets is not necessary. :

Potential elucidation of novel tumor targets. Targets are not influenced by immunogenicity
as with targets defined only by monoclonal antibody development [5].

Screening whole cells or cell extracts m vitro can also achieve the latter two advantages;

however, many of the important advantages will be lost using this technique. Similarly, while

direct injection of tumor with RPLs for screening is certainly possible, the important advantage of
whole body elimination of normal tissue binding clones will be lost, and the chance of exposing the
library to the important apical surface of endothelial cells will be greatly decreased. Systemic
injection may well be the most effective way to identify ligands with a good tumor/control tissue-
binding ratio. For example, in previous in vivo screening experiments, a peptide with a RGD motif
binds integrins three orders of magnitude better than an NGR peptide. However, the NGR peptide
had a tumor/control tissue homing ratio three times better than that of the RGD peptide [2].

The following proposal will extend in vivo screening techniques in the following ways to

optimize its success in identifying small tumor-specific ligands in humans:

1)

2)

3)

Identification of human targets. Ligands to mouse endothelial targets are not likely to be
as effective or effective at all for human targets. In the previous i» vivo tumor screening
study in mice, many of the tumor-homing peptides contained an RGD amino acid motif, as
did one of the two peptides assessed for their ability to direct doxorubicin to tumors [2].
Although integrins and related receptors are very promising tumnor targets, and many
mtegrin binding sequences contain an RGD motif, the regions flanking RGD are critical to
the specificity of integrin binding. Optimal flanking regions of these integrin binding
peptides are not likely to be 1dentical for the recognition of both mouse and human
mtegrins on newly developed endothelial cells, as mouse and human integrins are not
identical as assessed by GCG analysis. Peptides identified by human in vivo screenings
are far more likely to yield specific and high affinity binders to human tumors.
Identification of targets in a realistic setting. The mouse model was a xenograft model,
and did not involve mouse tumor. This artificial model may yield results not applicable to
the eradication of natural tumors.

By using a large panel of libraries that offer a variety of structural contexts for peptide
presentation, we believe we may isolate peptides that bind to other promising breast cancer
targets as well as to tumor-associated integrins. It is likely that a successful therapeutic
regimen for advanced cancer will require a “cocktail” of anti-cancer compounds.
Targeting a single cancer target is not likely to effect a long-term favorable therapeutic
response. In addition, there is evidence that other sequences may bind as tightly and more
specifically than RGD sequences to integrins [9]. It 1s also possible that RGD and NGR
peptides [2] may bind to too many targets to be specific enough. Even low affinity binding
can have significant biological consequences, particularly with avidity effects, as is the
case with integrin binding to fibronectin. Furthermore, a large panel of libraries which
present a vast number of peptides presented in a variety of structural contexts i1s much more
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likely to yield a high affinity binder to any given target [7]. We will also employ several
nnovative RPL technical improvements, developed by both our lab and Affymax.

4) We will attempt to identify peptide ligands to endothelial targets by harvesting tissue within 10.
minutes after library injection. However, by harvesting tissue 24 hours after library injection,
we will also attempt to identify peptides that bind directly to tumor cells or are taken up by
tumor cells. : :

 5) We will attempt to assay peptide binding directly rather than via competition with peptide-phage
as done in previous in vivo screening experiments. This will allow us to more accurately
determine the degree of specificity by immunohistochemical analysis of peptides on tumor
tissues and a large panel of normal tissues.

6) By performing multiple screens in one person, rather than serially as was done with mice,
we may determine which targets are unigue to a particular individual. (Important generic
targets will be identified by similarities in consensus sequences identified from different
patients in whom complete multiple screenings were performed, or by serial screens
between different patients.) Even though screens will be initially performed on patients
with advanced disease, it is very conceivable to establish a profile of ligands against the
majority of newly diagnosed patients with breast cancer immediately prior to definitive
surgery. This would allow design of systemic adjuvant therapy most appropriate to each
patient. ’ ’

7) Very importantly, we will carefully investigate toxicity during phage injections and
screenings in both animals and humans. Toxicity during in vivo RPL screening has not

, previously been studied.

8) We will test several screening designs, including multiple screenings in one patient to

determine the safest and most effective screening protocol.

A large portion of the following proposal is designed to examine possible toxicity during in
vivo screening. We do not expect the screening procedure to cause toxicity as bacteriophage have
been injected intravenously in humans and even neonates for over 30 years in approximately 3000
patients with essentially no side effects. This is extensively reported in the literature [13, 36, 58,
62, 85] Phage are injected into humans IV routinely for analysis of antibody responses.

There has also been extensive use of over 250 strains of bacteriophage, including 39 that
infect Escherichia bacteria, which were administered orally or locally for treatment of infection
[76-82]. Not only were “side effects” described as “extremely rare” (3 allergic responses out of
138, with no prior endotoxin testing), the phage treatments were often effective in eliminating the
bacterial infection.

Bacteniophage are known to specifically infect only bacteria, and each bacteriophage strain
mfects only a very narrow range of bacterial species. In addition, it has long been known that
ssDNA is expressed poorly or not at all in mammalian cells. The presence of phage DNA in
buman cells was examined in the antibody analysis studies mentioned above several months after
injection and none was detected. Therefore the possibility of bacteriophage “infecting” eukarvotic
cells in any way is highly unlikely. Nevertheless, we will carefully monitor this possibility by
PCR.

Dr. Hans Ochs, an immunologist who is one of the pioneers of using phage $X174 for
antibody response analysis, is an enthusiastic collaborator on this project. Dr. Och’s group has
bad an IND from the FDA for over 20 years for this procedure. We will have his expertise
available to us for consultations on human phage injection and he will provide us with his strain of

* phage for library construction if necessary. Not only has the work of Och’s et al been extensively

documented for non-toxicity, their experiments give us an accurate estimate of the time we have
available to screen before we expect immune system interference. Our library is constructed in a
strain of bacteriophage different than the strain used for antibody response analysis, although they
both infect E. coli exclusively. However, filamentous phage injection is not likely to cause
toxicity, as there have been numerous reports of the injection of filamentous phage into mice for
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2.0

3.0

several other purposes including hybridoma development. There are several groups investigating
the use of filamentous phage particles as potential vaccine delivery agents, with numerous
preliminary studies in mice. At least one of these studies reports IV injection of a very large
number (2x10') of phage particles with no toxicity reported, although toxicity was not explicitly
addressed [32]. The mice survived at least 3 to 4 days when they were sacrificed in order to
harvest spleen cells for hybridoma development. Our phage will also bear peptides, which may
present complications particularly after amplification from tumor tissue, which will likely have
normal tissue components. Therefore, the proposal has been carefully designed to detect any

- possible toxicity. We have had an active dialogue going on for several months with both the NCI

and the FDA on this matter, and their input has shaped the present design. A pre-IND meeting -
with the FDA is scheduled for November 1998. 4

OBJECTIVES

Specific Aim: The safety of IV administration of phage RPLs in human patients with breast
cancer will be established with both naive libraries and amplified libraries. These studies will be
the equivalent of Phase I trials. Screenings will be performed three times over a time period of <14
days. Throughout the screening process patients will be carefully evaluated for adverse reactions.
Peptides displayed by pbage isolated from tumor tissue will be routinely analyzed for both
consensus amino acid sequences and tumor-binding. Binding to normal tissue will be assessed by
tmmunobistology on a large panel of 35 different normal human tissues. Successful completion of
this aim will establish the safety of in vivo phage RPL screening in humans and will result in the
identification of peptides which bind specifically to breast tumor cells or to blood vessels
specifically supplying tumor cells in human patients. Whole body in vivo screening experiments
will result in the development of methods that may allow identification of novel tumor targets
and greatly improved therapeutics.

Hypotheses 1. Small peptides can be identified from RPLs that will bind specifically to human
tumor cells and/or to blood vessels specifically supplying tumor by in vivo screening in human
breast cancer patients. 2. One way of identifying these peptides, and perhaps the most efficient
way, 1s to inject phage RPLs libraries into patients and to harvest specific peptide-phage directly
from resected tumor tissue. 3. Small ligands that bind specifically to cancer cells will allow
development of more effective cancer therapeutics.

PATIENT ELIGIBILITY CRITERIA

3.1 Histologic documentation: patients with metastatic or locally advanced primary or
recurrent breast cancer that is not considered curable by conventional therapy.

32 Prior Treatment: No Limitations.

33 Measurable Disease:
Superficial cancer nodules or mass amenable to biopsy with minor surgery.

34 Age limitations: 30 — 70 years of age
Performance score: Karnofsky status > 70
Life expectancy: > 4 months
Non-pregnant

35 Informed Consent: the patient must be aware of the nature of his/ber disease and

willingly consent after being informed of the procedure to be followed, the experimental
nature of the procedure, alternatives, potential benefits, side effects, risks, and discomforts.
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5.0

6.0

3.6 No previous or concurrent malignancy is allowed, except inactive non-melanoma skin
cancer, in situ carcinoma of the cervix, or other cancer if the patient has been disease-free
for > 5 years.

3.7 No other serious medical illness, other than that treated by this study, which would limit
- survival to < 4 months, or psychiatric condition which would prevent informed consent.

3.8 No evidence of extensive pulmonary metastases evidenced by chest roentgenogram
within 60 days of the protocol. :
39 No clinical symptoms suggestive of brain metastases unless ruled out by imaging

studies. -
Patient Registration

4.1  Authonized physicians or designees must fill out confirmation of registration sheet
~ (Appendix IT) fax into the Operations Center 656-4270 to obtain a patient number. Office
hours are 8:00 to 4:30. :

4.2 All patients will éign an approved mformed consent that provides full disclosure of the
procedure, rationale, plan, and risks.

43 At the time of registration, the mvestigator may be asked to respond to a list of questions
related to the patient’s eligibility for this protocol. The eligibility checklist 1s located in
Appendix 11

44 ‘When a patient is removed from protocol (e.g., because of disease progression or drug-
related toxicity), the Operations Center is to be called and given the reason for the patient’s
removal from the protocol and the date on which discontinuation of protocol occurred.

45 We estimate that we will study 20 patients.

Required Monitoring of Patients -

Patients will be admitted to the General Clinical Research Center (GCRC). An intravenous
Iine will be placed. Baseline vital signs (blood pressure, pulse, temperature, and respiratory rate)
will be determined before infusion of phage, every 15 minutes during infusion and for 2 hours after
infusion. The patient will be under constant supervision and equipment, medications, and personnel
capable of treating allergic (including anaphylactic reactions) will be immediately available.

Before Infusion Every 15 Minutes Two Hours after
During Infusion Infusion
Blood Pressure X X X
Pulse X X X
Temperature X X X
Respiratory Rate | X X X

Screening will ideally be completed in less than 7 days to avoid patient Ab response to phage [62].
Throughout the screening process patients will be carefully evaluated for adverse reactions.

Study Plan
Approximately 20 patients will be subjected in vivo screening in an attempt to identify
peptides that home specifically to their tumor tissue. It is highly unlikely that cancer patients have
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preexisting intact filamentous phage located in their tumor tissue. Nevertheless, as a control,
biopsies from two patients, uninjected with phage, will be assayed for the presence of phage. In
the experimental group, if phage clones isolated from tumor tissue after the third tissue harvest
display a consensus amino acid sequence, it is highly likely that those peptide-phage are binding
specifically to some component of the patient’s tissue. An internal control will be to compare the
sequences of phage clones eluted from the first tissue harvested (expected to be relatively random)
compared to the last tissue harvested, as well as comparing clone sequences from peptide-phage
1solated from different patients. Regarding the ability of this procedure to identify peptides which
home specifically to tumors, we do not believe methods to minimize bias on the part of subjects,
mvestigators, and analysis are necessary, as the measurements to be made: the number of phage .
eluted from the tumor, and the sequence of the peptides displayed by phage clones eluted from
tumor, are objective and not subject to human bias. Regarding the possible side effects caused by
this procedure, bias will be minimized by having all procedures performed in the University of
Vermont General Clinical Research Center (GCRC). The staff at the GCRC are expert in
observation of patients during experimental protocols and are not supervised by the PI of this
mvestigation.

Patients will be admitted to the GCRC. An intravenous line will be placed. Baseline vital
signs (blood pressure, pulse, temperature, and respiratory rate) will be determined before infusion
~ of phage and every 15 minutes during infusion and for 2 hours after infusion. The patient will be
under constant supervision and equipment, medications, and personnel capable of treating allergic
(including anaphylactic reactions) will be immediately available. Anti-bacteriopbage antibodies
will be determined by ELISA prior to administration of the bacteriophage library. Based on
previous studies {13, 36, 58, 62] very few individuals have pre-exusting bacteriophage antibodies
and 1t is expected that antibacteriophage antibodies will develop subsequent to phage library
administration similar to that demonstrated for $X174. Since positive titers are expected and serial
administration of bacteriophage has resulted in only rare reversible side effects, subsequent titer
levels will not be obtained for this protocol. In the event that the number of phage recovered from
the tumor specimens harvested after the second phage library administration are extremely low,
titer levels of anti-phage antibodies will be determined in order to determine if antibodies are the
cause of low phage recovery. '

Ideally, we will screen our RPL(s) three times in the same patient. In the unlikely event of
toxicity with naive libraries, no further pans will be performed. In the event that only amplified
phage show evidence of toxicity, no further pans will be performed.

A phage displayed RPL pool will be prepared and tested according to FDA standards as
discussed below in “Pharmaceutical Information/Preparation”. Before phage injection, one sample
of tumor tissue from the patient will be biopsied, snap frozen and sixty slides will be prepared for
Iater testing of selected clones for tumor binding affinity. The library will be diluted in 250 ml
saline and infused intravenously over 10 minutes into a breast cancer patient. Initially 10°° pfu
will be injected as that amount was found to be completely non-toxic to humans in similar studies
[62]. Higher numbers of phage, up to 10'*™ or more may be necessary if we fail to harvest phage
from a small amount of resected tumor. An appropriate dose will be one in which peptide-phage
are isolated from small tumor biopsies, and preferably, one in which peptide-phage isolated from
tumor tissue display homologous amino acid sequences. Small amounts of tumor tissue will be
biopsied in the procedure room of the GCRC at time points of 10 minutes and 24 hours post
infusion. Standard surgical technique typical for performing a surgical biopsy will be utilized for
the biopsy procedures. It is intended that the biopsies be as small as possible on the order of 1.0
gram of tissue. The method of biopsy will be either incisional, excisional, or core depending on the
location of the tumor.

The tumor will be rinsed to remove blood, the tissue will be ground, and E. coli will be
added to amplify phage. Phage will be eluted from tumor cells and amplified using methods
established by us and others [2, 5, 25, 61]. Phage will be amplified and quantified by titering, with
results available within 12 hours. If (enriched) phage are present, they will be prepared as was .
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descnibed above for initial infusion and will be remjected as soon as possible (1 to 2 days). The
harvest and amplification will be repeated a maximum of 2 times for a maximum of three
screenings in one patient. Screening will ideally be completed in less than 7 days to avoid patient
Ab response to phage [62]. Throughout the screening process patlents will be carefully evaluated
for adverse reactions.

Peptides displayed by phage isolated from tumor tissue will be routinely analyzed for both
consensus amino acid sequences and tumor-binding as in Aim 3. Binding to normal tissue will be
assessed by immunohistology on normal, quick frozen breast tissue excised at the same time as the
tumor biopsy and on a large panel of 32 different normal human tissues not from the protocol
patient. Immunohisotochemistry with anti-transferrin receptor mAb will be used as a positive -
control to assure tissue and assay reliability.

Any consensus sequences identified from phage eluted specifically from the tumor tissue
will be excellent candidates for tumor-specific peptides. Promising peptides will be synthesized and
tested for tumor specificity. Peptide binders we identify by whole body screens, almost by
definition, are likely to be stable in serum and generally stable in vivo, a major advantage to this
technique.

In future studies, we will evaluate the efficacy of peptide-therapeutic conjugates. In
addition to attaching standard cytotoxic drugs to the ligands, in separate experiments we will attach -
immunogenic peptides, perhaps one to which most people have already been immunized against.
The binding of a molecule bearing an immunogenic peptide to the tumor cell surface may stimulate
the immune system to eliminate the tumor cell. Thus, instead of using dangerous chemicals or radiation,
we may be able to direct the body’s own immune system to more naturally eradicate tumor cells.

Pharmaceutical Information

Qualified personnel who are famuliar with procedures that minimize undue exposure to
themselves and to the environment will undertake the preparation, handling, and safe disposal of
agents in a self~contained, protective environment. ‘

Drug Information And Preparation:

Filamentous peptide-pbage are prepared from E. coli cultures grown overnight on 2xYT
media agar plates. The phage particles are resuspended in phosphate buffered saline with
prokaryotic protease inhibitors (PBS-PPI) by “sweeping” the agar with an angled glass rod. The
phage suspension is centrifuged twice to remove bacterial cells and filtered with a-0.22 um
polyethersulfone membrane to completely remove any remaining E. coli cells. The phage are
concentrated by precipitation with polyethylene glycol (PEG). The resulting pellet is resuspended
in fresh PBS-PPI and the phage suspension is passed through a 0.45 ym cellulose acetate filter.
Endotoxins are removed from the preparation by performing three 1% (v/v) Triton X-114
extractions. The phage are concentrated with PEG again and the resulting pellet is resuspended in
PBS-PPI. The phage suspension is shaken 10 min at 200 rpm on ice, followed by centrifugation.
The supernatant containing the peptide-phage is passed through a 0.45 pm cellulose acetate filter,
followed by passage through a pyrogen-free 0.2 pm cellulose acetate filter to sterilize the
preparation.

According to FDA guidelines, establishment of the sterility of any preparation to be
mjected into humans must be performed by inoculation of the product into Fluid Thioglycollate
Media and Tryptic Soy Broth. We have performed these sterility tests exactly as described in the
Code of Federal Regulations (21CFR610.12) on representative preparations. These tests have
confirmed the sterility of our preparations, as expected after filtration through a pyrogen-free 0.2
um cellulose acetate filter.
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9.0

Although the sterilization filtration technique takes only a minute, the FDA guidelines for
asserting sterility takes 14 days. This 14 day waiting pertod is not compatible with the screening
expeniments we have proposed for 2 reasons:

A) In our experience and judgement, when performing phage-display RPL screening, it is optimal
to prepare a fresh batch of a phage-displayed library to optimize complexity of libraries, as some
of the displayed peptides within the library may be more susceptible to degradation than other

. peptides. Ideally we would like to be able to establish proof of sterility, lack of endotoxins,

and any other parameters necessary, within a few hours. It is possible that some of these
difficulties may be avoided by freezing peptide-phage preparations. However, the freezing process
may also compromise the stability of the peptides and therefore, the complexity of the libranes. It
is possible that all the peptides which may bind to tumor targets may be stable for 14 days. This
may be elucidated as the study progresses. Furthermore, freezing or other storage methods which
would avoid peptide degradation for 14 days, will not address the problem raised in point B below.
It may be possible to establish a large batch of libranes used for initial screenings only if a
storage method which allows the displayed peptides to retain their tumor binding activity can be
developed. _ ’
B) To perform 3 screens in one person, the screens will probably need to be performed in about 7
days, in order to avoid rejection of phage by the inmune system, as a detectable IgM response to
injected phage typically begins to develop in humans in about 7 days. Senal screening in one
person may be the most optimal way to 1dentify tumor-homing peptides, and may well be the only
way to identify tumor-specific targets which are individual to a gtven patient. Therefore, to
perform three screens in one patient, a 14 day waiting period for results of sterility testing will
probably not be possible.

Administration: Peripheral intravenous line
Potential Toxicity, Dose Modifications, and Management

There is the nisk of allergic reaction (including anaphylactic) associated with the

_administration of the phage library. The likelihood of this is very low since a similar (but different

strain) of bacteriophage has been injected into thousands of patients with no serious sequelae.
Personnel skilled i handling allergic reactions will be immediately present during mfusions and all
equipment for handling such reactions (including anaphylactic) will be immediately available. A
small number of individual molecules of each type of displayed peptide are not expected to have
strong toxicity. Preliminary studies in animals will help determine this. Patients will be closely
monitored. All necessary measures will be taken to counter any level of allergic reaction.

All reagents will be prepared according to FDA standards and tested for sterility and
pyrogenicity prior to administration. There is an extremely low risk of a patient recerving material
that is erther pyrogenic or not sterile.

Dr. Hans Ochs, a collaborator on this project, has the world’s largest experience injecting
bacteriophage and is a collaborator on this proposal. He has performed extensive studies with
bacteriophage injected IV in humans. It has been used safely in over 3000 patients to monitor
antibody responses with only rare adverse reactions in patients with unusual genetic immune
deficiencies. Investigations were carried out to detect phage DNA incorporation into eukaryotic
cells and was found only transiently in lymphocytes. He has an IND with the FDA for intravenous
administration of bacteniophage. He also has extensive experience with the immunclogical
consequences of intravenous administration of bacteriophage.

Criteria for Response Assessment

This 1s not a therapeutic trial; therefore the change in tumor size will not be assessed.
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11.0

Removal of Patients from Protocol Therapy

If at any time the constraints of this protocol are detrimental to the patient’s health and/or the
patient no longer wishes to continue with the procedure, the patient shall be withdrawn from the
study. In this event: '

e Notify the study chair
. Document the reason(s) for withdrawal on flow sheets

Adverse Event Reporting

All adverse events (AEs) occurring with any patient participating in this clinical trial will
be reported to the Cancer Center Protocol Office as described below.

11.1  Immediately (within 24 hours) telephone the Protocol Office for any of the following
[Casons:

¢ Any and all serious and/or life-threatening events which may possibly be reasonably
associated, i.€., may reasonably be regarded as caused by, or reasonably be regarded
as probably or possibly caused by, the investigational drug used in this protocol, or
due to drug administration.

»  All fatal and unexpected events regardless of cause or association with study
treatment.

e Al first occurrence of any “unexpected” (previously unobserved or unreported)
toxicity (regardless of Grade).

11.2  Definitions
The following definitions of terms as per Federal Regulations apply to this section:

» Serious adverse event: any experience that is fatal or life threatening, is permanently
disabling, requires inpatient hospitalization, or is a congenital anomaly, or overdose.

»  Associated with the use of the drug: there is reasonable possibility that the experience
may have been caused by the drug or combination of drugs.

*  Unexpected adverse event: any adverse event that is not identified in nature, severity,
or frequency 1n the current investigator’s brochure or package insert.

11.3  Algornthm for Reporting Adverse Reactions

e Any and all serious and/or fatal or life threatening events which may be associated
with the investigational drug used in this protocol, or due to drug administration. (see
above):

* Report by telephone or facsimile transmission within 24 hours regarding to the Cancer
Center Protocol Office at 802-656-2967. ’

Person to be contacted:

Paul Horton, Records Coordinator
2™ Floor Medical Alumni Building -
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Burlington, VT 05405

Phone: 802-656-2967

Fax:  802-656-8788

Email: phorton@zoo.uvm.edu

* Any and all serious and/or fatal or life threatening events which are not associated
with the investigational drug used in this protocol or with drug administration should -
be reported to the Cancer Center Protocol Office within 5 days.

* A written report of all adverse effects or experiences and deaths will be submitted by
the investigator/co-investigator. In this report, the investigator will advise whether or
not the AE is judged to be attributable to the study medication. All such subjects
should be followed clinically by the appropriate diagnostic studies. Side effect or
subjective symptomatology volunteered by a subject will be noted and recorded as to
type and severity on the individual’s patient chart. If no side effects are experienced,
this also will be reported on the patient chart.

e Intumn the Protocol Office will inform the University Institutional Review Board
(IRB) and the VCC Protocol Review Committee (PRC) and the FDA if necessary.

Statistical Considerations L

Successful binding of ligand can be viewed as a dichotomous variable and this perspective
will be taken relative to the examination of the data. Ligand binding will be examined at two
distinct time points and the percent of subjects in whom a ligand is identified at each of the two
time points will be initially quantified using exact 95% binomial confidence intervals. A sample
stze of n = 20 subjects would give rise to a standard error of at most 9.7% for a binomial point
estimate under the assumption that the actual binding success rate would be at the 75% or higher
level. With a 75% successful binding level, it is anticipated that an expected value of 7.5 out of the
first 10 subjects examined would be observed. Since a change in the phage library would be
desired if the library were not producing a sufficient rate of binding, we will examine the data in a
sequential fashion. The probability of observing four or fewer successful events out of n = 10
subjects equals 2% using a2 cumulative binomial distribution with individual trial probability of
success of 75%. Thus, if four or fewer successful events are observed in the first ten subjects, we
will shift to a new phage library. If five or more of the first ten subjects have ligands identified, the
next ten subjects will be examined using the same phage library. Since individual subject data are
to be obtained at two distinct time points, the experimental design leads to a binary repeated
measures setting. Each subject will be considered as a stratum within the context of a conditional
logistic regression model. Given the small sample size, an exact procedure will be taken that
assumes that the timing effects are conditionally independent of the stratum effects. The software
package StatXact will be used to implement examination of the equality of the success rates levels
at the two time points. Cross reactivity with other tissue types (total tissue types = 32) will be
examined mdividually for each tissue type using contingency table methods with quantification of
the level of cross reactivity using a 95% confidence interval for the odds ratios. Identification of
the prevalence of common peptide motifs will be estimated using exact 95% binomial confidence
intervals. It is anticipated that a 30% prevalence of a common motif will give rise to a point
estimate with a standard error of about 9%.
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13.0  Records to be Kept

Data on the tumor characteristics will be collected from the pathology reports, infusion
data (amount, batch number) will be recorded, and the molecular consensus sequences of possible
binding pepudes will be documented.
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5.0 Informed Consent

INFORMED CONSENT

Protocol Title: In Vivo Selection of Ligands for Targeted Therapy -
Protocol Chairman:  David N. Krag, M.D.

‘Responsible Physician:

Sponsor: National Cancer Institute and Vermont Cancer Center, University of Vermont

1 > understand that I am being invited to participate in the above
research study that has been explained to me by Dr. . It has been explained to me that I
have breast cancer and have been invited to participate in a clinical study to identify new methods of
selectively targeting and delivering anticancer drugs directly to a breast cancer.

Present treatments for breast cancer are often ineffective because they lack the ability to target cancer cells.
Specifically, anticancer drugs are injected mtravenously and distribute throughout the entire body. The
drug itself has no particular preference for concentrating in cancer cells. Therefore the entire body is
exposed to the same dose of toxic anticancer drugs. The effect of toxic anticancer drugs on normal non-
cancer cells is a limiting factor. This means that the dose of drug given can only be so much. It may take
considerably more drugs than the body can tolerate in order to cure a patient of breast cancer.

The ultimate goal of this clinical research is to develop a new way to target and selectively concentrate

cancer cells. In this way, the concentration of drug would be much higher at the cancer cells than normal
non-cancer cells.

The immediate goal of this protocol is to develop the tag that will attach to the "address" of cancer cells.
The targeting agent (tag) will later be designed to deliver anticancer drugs directly to the address of the
cancer cells. Right now we do not know the address of cancer cells. In order to find a tag to cancer cells we
propose to intravenously inject several million different tags (or molecules). A small piece of the cancer is
removed and the tags that have found their way to the cancer cells (out of the millions injected) and are able
to stick at the address of cancer cells will be determined. :

Attaching each of the tags to a special agent called a bacterial virus allows my doctor to find the special tag

that sticks preferentially to the cancer cells. My doctor is able to find the bacterial viruses and is then able
to determine the exact nature (or type) of the tag that sticks to my cancer.

very small living cell called a bacterium. Many thousands of humans have been previously injected with
special bacterial viruses (similar to the ones proposed here) and adverse responses are extremely rare.

. Following injection of the special tags, my doctor will remove a small picce of cancer from my body. The
size of this piece of cancer will be a cube about than 1/2 an inch on edge. The reason for removing this
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piece is to find the special tags that have stuck to my cancer cells. This procedure will be a minor surgical
procedure and may involve a small mncision and placement of stitches to close the wound. This procedure
will be done under local anesthesia. Several hours later another small piece of my cancer will be removed

In order to determine which tags truly stick and which do not (or do not stick very well) my doctor will
punify the tags found in my cancer and later reinject them into my vein. Just as was done following the first

Before the first injection takes place my doctor may perform a biopsy to have enough of my cancer cells
available for later testing. The tags later identified to stick most strongly to my cancer cells will be tested
against the first cancer biopsy material to determine how sticky they are. ‘

This entire procedure: 1) biopsy cancer tissue, 2) injection of special tags in my veins and biopsy of cancer
tissue, and 3) repeat mjection of special tags and repeat biopsy of cancer tissue, is only one set of important
steps required before this method of targeting anticancer drugs can be useful in possibly treating cancer.
This clinical study is only designed to determine if this method (injection of tags and biopsy of cancer
tissue) can find the special tags that stick preferentially to my cancer cells.

In order for this method to be possibly useful in treating my cancer an entire additional set of studies need
to be performed. These additional studies involve connecting the special tag to anticancer drugs for special
delivery to my cancer cells. It is mmportant for me to understand that these second set of studies will not be
performed as part of this clinical study I am being invited to participate in. That means that the findings
from this clinical study will not necessarily be useful to me personally in treating my cancer.

BENEFITS AND RISKS:

I understand that I will have up td seven biopsies of my cancer tissue. Each one of these biopsies will be
small but will involve a small surgical procedure. I understand that local anesthesia will be injected around
the biopsy site to numb the tissue, | may need to have stitches placed. There is a small risk of infection as
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there is with any surgery. If this should happen I may need to put warm soaks on the area and may need to
take an antibiotic. '

1 understand that this clinical study will be of no immediate or direct benefit to me. It may in the future lead
to important findings that may benefit others. There is a remote possibility that if this study is successful I
may participate in subsequer_xt clinical studies designed to test the anticancer effectiveness of this technique.

ALTERNATIVE TREATMENTS:

I'understand that my therapy will not be lessened by participation in this trial. I understand that this e
clinical study is not a therapeutic study and therefore not related to my treatments.

I have discussed the above facts with my physician and have beén given the opportunity to ask questions
which have been answered to my satisfaction. I understand that my physician will answer any questions
that I might have.

COSTS AND PAYMENTS:

The injection of the special tagged material and the surgical biopsies will not be billed to me. Other
medications and all physicians' and hospital costs related to my regular treatments will be charged to me in
the same fashion as if I was not part of this study. I will receive no monetary compensation for my
participation in this study. '

CONFIDENTIALITY:

I understand that a record of my progress will be kept in a confidential form at the Vermont Cancer Center,
University of Vermont (VCC/UVM). I understand that the results of this study may eventually be published
and that information may be exchanged between medical mvestigators, but that patient confidentiality will
be maintained. Thereis a possibility that my medical record, including identifying information, may be
inspected and/or photocopied by qualified representatives from VCC/UVM, the National Cancer Institute
or other Federal or state government agencies in the ordinary course of carrying out their governmental
functions. If my record is used or disseminated for government purposes, 1t will be done under conditions
that will protect my privacy to the fullest extent possible consistent with laws relating to public disclosure
of information and the law-enforcement responsibilities of the agency.

RIGHT TO WITHDRAW:

I'understand that I am free to refuse to participate in this trial or to withdraw at any time and that my
decision will not adversely affect my care at this institution or cause a loss of benefits to which I might
otherwise be entitled. ' '

COMPENSATION FOR ILLNESS OR INJURY:

T understand that it is not the policy of the University of Vermont or Fletcher Alien Health Care to provide
payment or free medical treatment for injury resulting from research. I understand that I'may contact Dr.
David Krag, One South Prospect St. (802-656-2262) for more information about this study or Nancy
Stalnaker, the Institutional Review Board Administrator, 231 Rowell Building (802-656-4067) for
information regarding my rights as a research subject or for information about how to proceed should I
believe that I have been injured as a result of my participation in this study.

VOLUNTARY CONSENT:
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Thave been given an opportunity to discuss this trial with the physician(s) conducting it and I understand

that I may ask further questions and that [ may withdraw from the study at any time. Withdrawal from the
study will not prejudice my further care at the Vermont Cancer Center or Fletcher Allen Health Care. I

agree to participate in this study and I acknowledge that I have received a signed copy of this consent form.

Signature of Patient ' : Date
Signature of Witness Date-
Signature of Physician 7 Date

Protocol Chairman:
: David Krag, M.D.
Surgical Associates
One South Prospect
Burlington, VT, 05401
802-656-2262
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APPENDIX I

NCI COMMON TOXICITY CRITERIA

TOXICITY GRADE 0 GRADE 1 GRADE 2 GRADE 3 GRADE 4
(Adverse Event) (Mild) (Moderate) (Severe) (or Life-
Threatening)
BLOOD/BONE MARROW
WBC >4.0 3.0-39 20-2.9 1.0-1.9 <1.0
PLT WNL 75.0 - normal 50.0-74.9 25.0-499 <25.0
gb WNL 10.0 - normal 8.0-10.0 6.5-79 <6.5
Granulocytes/ >20 1.5-1.9 1.0-14 0.5-09 <0.5
Bands
Lymphocytes >2.0 1.5-19 1.0-14 0.5-0.9 <0.5
LIVER
Bilirubin WNL — <135xN 1.5-3.0xN >30xN
Transaminase WNL <25xN 26-50xN 51-200xN >200xN
SGOT, SGPT) -
Alk Phos or WNL <25xN 26-50xN 51-200xN >20.0xN
5' nucleotidase
GASTROINTESTINAL
Nausea none able to eat intake significantly | no significant —
reasonable mntake | decreased, but can | intake
eat
Vomiting none 1 episode in 24 2-5 episodes in 24 | 6-10 episodesin | > 10 episodes in 24
hours hours 24 hours hours or requiring
parenteral support
Diarrhea none increase of 2-3 increase of 4-6 increase of 7-9 increase of >10
stools/day over stools/day, or stools/day, or stools/day, or grossty
pre-Rx nocturnal stools, or | incontinence, or bloody diarrhea, or
moderate severe cramping | need for parenteral
cramping support
Stomatitis none painless ulcers, painful erythema, | painful erythema, requires parenteral
erythema, or mild | edema, or ulcers, | edema, or ulcers, | or enteral support
soreness but can eat and cannot eat
KIDNEY/BLADDER
Creatinine WNL <15xN 15-3.0xN 31-6.0xN >6.0xN
Proteinuria no change IH+or<03g%or<{2-3+0r03-10 |4+or>10 g% or | nephrotic syndrome
. 3g1 g%or3-10 g/l >10 g/
Hematunia neg micro only gross, no clots gross + clots requires transfusion
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APPENDIX I (Continued)

TOXICITY GRADE 0 GRADE 1 GRADE 2 GRADE 3 GRADE 4
(Adverse Event) |- (Mild) (Moderate) (Severe) (or Life-
Threatening)
HEART/LUNGS
Cardiac none asymptomatic, recurrent or requires treatment | requires monitoring;
dysrhythmias transient, persistent, no or hypotension, or
S requiring no therapy required ventricular
therapy tachycardia, or
fibrillation
Cardiac function none asymptomatic, asymptomatic, mild CHF, severe or refractory
decline of resting | decline of resting responsive to CHF
ejection fraction ejection fraction therapy-
by less than 20% . | by more than 20%
of baseline value | of baseline value
Cardiac—ischemia | none non-specific T- asymptomatic, ST | angina without acute myocardial
' wave flattening and T wave evidence for infarction
changes suggesting | infarction
ischemmia
Cardiac— none asymptomatic pericarditis (rub, | symptomatic tamponade; drainage
pericardial effusion, no chest pain, ECG effusion; drainage | urgently required
intervention changes) required '
required '
Pulmonary none or no change | asymptomatic, dyspnea on dyspnea at normal | dyspnea at rest
with abnormality | significant level of activity
i PFT's exertion
Weight gain/loss | <5.0% 5.0-9.9% 10.0-19.9% >20.0% —
BLOOD PRESSURE
Hypertension none or no change | asymptomatic, recurrent or requires therapy | hypertensive crisis
' transient increase | persistent increase
by greater than 20 | by greater than 20
| mm Hg (D) or to> | mm He (D) or to >
150/100 if 150/100 if
previously WNL; | previously WNL;
no treatment no treatment
required required
Hypotension none or no change | changes requiring | requires fluid requires therapy | requires therapy for
no therapy replacement or and resolves > 48 hours after
(including other therapy within 48 hours of | stopping the agent
transient stopping the agent
orthostatic
hypotension)
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'APPENDIX I (Continued)

TOXICITY GRADE ¢ GRADE 1 GRADE 2 GRADE 3 GRADE 4
(Adverse Event) Mild) (Moderate) (Severe) (or Life
Threatening)
NEUROLOGIC
Neuro-sensory none or no change | mild paresthesias, | mild or moderate severe objective | —
loss of deep objective sensory | sensory loss or
tendon reflexes loss; moderate paresthesias that
paresthesias interfere with
function
Neuro—motor none or no change | subjective mild objective objective paralysis
weakness; no weakness without | weakness with
objective findings | significant ] impairroent of
Impairment of function _
function
Neuro—cortical none mild somnolence | moderate severe coma, seizures, toxic
or agitation somnolence or somnolence, psychosis
agitation agitation,
confusion,
disorientation, or
ballucinations
Neuro—cerebellar | none slight intention tremor, | locomotor ataxia | cerebellar necrosis
incoordination dysmetria, shured
. dysdiakokinesis speech, nystagmus |
Neuro—-mood no change mild anxiety or moderate anxiety | severe anxiety or | suicidal ideation
depression or depression depression
Neuro—-headache | none mild moderate or severe | unrelenting and —
but transient severe
Neuro— none or no change | mild moderate severe ileus > 96 hours
constipation
Neuro—hearing none or no change | asymptomatic, tinnitus hearing loss deafness not -
hearing loss on interfering with correctable
audiometry only function but
correctable with
hearing aid
Neuro—vision none or no change | — —_ symptomatic blindness
subtotal loss of '
vision
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APPENDIX I (Continued)

TOXICITY GRADE 0 GRADE 1 GRADE 2 GRADE 3 GRADE 4
(Adverse Event) (Mild) (Moderate) (Severe) (or Life
: . Threatening)
DERMATOLOGIC
Skin nope or no change | scatter macular or | scatter macular or generalized exfoliative
papular eruption | papular eruption Symptomatic dermatitis or
or erythema that is | or erythema with macular, papular, | ulcerating dermatitis
asymptomatic prunitus or other or vesicular
associated eruption
symptoms
Palmar-Plantar no symptoms Mild erythema, FErythema, Blistering, Diffuse or local
Erythro- swelling, or desquamation, or | ulceration, or process causing
dysesthesia desquamation not | swelling swelling infectious
interfering with interfering with, | interfering with complications, or a
daily activities. but not precluding, | walking or normal | bed ridden state or
' normal physical daily activities; hospitalization.
activities; small cannot wear
blisters or regular clothing.
ulcerations less
] than 2 cm in diam. :
Allergy none transient rash, urticaria, drug serum sickness, anaphylaxis
drug fever < 38°C, | fever = 38°C, bronchospasm
100.4°F 100.4°F, mild requiring
bronchospasm parenteral
medications
Alopecia no loss mild hair loss pronounced or — —
total hair loss
METABOLIC
Hyperglycemia <116 116 - 160 161-250 251 - 500 > 500 or
ketoacidosis
Hypoglycemia > 64 55-64 40-54 30-35 <30
Amylase WNL <1.5xN 1.5-20xN 2.1-50xN >5.1xN
Hypercalcemia <10.6 106-11.5 116-12.5 126-13.5 >13.5
Hypocalcemia >84 84-78 7.7-7.0 6.9-6.1 <6.0
Hypomagnesemia {>14 14-12 1.1-0.9 0.8-0.6 <0.5
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APPENDIX I (Continued)

GRADE 0

TOXICITY GRADE 1 GRADE 2 GRADE 3 GRADE 4
(Adverse Event) Mild) (Moderate) (Severe) (or Life
. “Threatening)
COAGULATION
Fibrinogen WNL 0.99-0.75 xN 0.74-0.50 xN 0.49-025xN <024xN
Prothrombin time | WNL 1.01-1.25x N 1.26-1.50 x N 1.51-22.00 x N >2.00xN
Partial thrombo- | WNL 1.01-1.66 x N 1.67-2.33 x N 2.343.00xN >3.00xN
lastin time .
Hemorrhage none mild, no gross, 1-2 units gross, 34 units massive, >4 units
(Clinical) transfusion transfusion per transfusion per transfusion per
episode episode episode
Source (modified from): National Institute of Health, National Cancer Institute, Cancer Therapy Evaluation
Program, Bethesda, Maryland 20892 .
Chulls (rigors) none any rigor, mild Tigors requiring rigors not —
medication controlled by
) medication
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Appendix! I

DATA COLLECTION FORMS

Registration & Eligibility Checklist
VCC Confirmation of Registration
Adverse Event Report

Breast Protocol for IRB Page 29 of 33




In Vivo Selection of Ligands for Targeted Therapy
~ Patient Registration Form (Page 1)

PLEASE PRINT

Surgeon Of Record:

Contact Person: =

Phone Number: | FAX :

Patient Name:

- Birth Date: : / / Date of Diagnosis: / /

Signed Consent Attached? Yes No
FAX BOTH REGISTRATION PAGES AND THE ENTIRE CONSENT FORM TO:
802-656-1987 :

PATIENT WILL NOT UNDERGO PROCEDURE UNLESS THIS SHEET IS FAXED
BACK TO YOU WITHASSIGNED ID NUMBER.

BELOW LINE FOR OPERATIONS CENTER USE ONLY

Assigned Patient ID Number:

Date of Registration: - / /

CHRMS #:

Registrar:
Checklist:
Registration form legible and complete - Consent form is correct for study .
Consent form legible and complete . Consent form has not expired
Eligibility criteria are all checked “Y”

VCC registration form submitted
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In Vivo Selection of Ligands for Targeted Therapy

Patient Registration Form (Page 2)

‘Eligibility Criteria

Patient Name: Date of Birth:

1. The patient has metastatic or locally advance primary or recurrent

breast cancer that is not considered curable by conventional therapy. Y . N __
2. The patient has superficial cancer nodules or mass amenable to

biopsy with minor surgery. Y N

3. The patient has a Karnofsky status > 70 and a life expectancy

2 4 months. Y__ N__
4. The patient has undergone an informed consent process. Y__ N__
5. The patient is not prégnant. Y__ N__
6. The patient does not have any other serious illness, other than

that treated by this study Y_ = N__
7. The patient is 30 to 70 years of age. Y__ N__
8. The patient has no evidence of extensive pulmonary metastases. Y_ = N__
9. The patient has no clinical Symptoms suggestive of brain metastases. Y N o

All statements must be checked “Y?” or “N/A” for entry into the trial. |

Note: this sheet does not constitute source documentation. The above information must be included
elsewhere in the patient's hospital chart in a recognized source document. : ‘

Signature of Physician: Date:
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VCC CONFIRMATION OF REGISTRATION

In Vivo Selection of Ligands for Targeted Therapj

Physician:

Patient Name:

(Please print) Last First -‘Middle
Hospital Chart #: Social Security #
Race: Sex: Male Female Date of Birth / /

(1-White, 2-Hispanic, 3-Black, 4-Oriental,
5-Native Hawaiian, 6-Native American, 7-Indian,
8-Filipmo, 9-Other, 10-Patient refusal, 1-Institution
refusal, -1-unkown)

Method of Payment ’ Zip Code:
(1-Private Insurance, 2-Medicare, 3-Medicare '

and private insurance, 4-Medicaid, 5-Medicaid and

Medicare, 6-Military or Veterans Administration

Sponsored, 7-Self Pay (no insurance), 8-No means of

payment (no insurance), -1-unknown)

Eligibility Criteria:- See protocol checklist
Patient Eligible? (1-no; 2-yes, all requirements confirmed)

If assignment is necessary from VCC, please fax to Donna Silver 802-656-8788 to get
registration.

If different levels list here as 1,2 3. Patient Study Number
Level Assigned
Date Registered
Registrar

VCC Registration Form
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REPORT OF ADVERSE EVENTS AND/OR
UNANTICIPATED PROBLEMS
All items on this form must be completed by the principal/co-investigator. Please attach any
additional information.

Submit completed form to: FOR VCC USE ONLY

~ Cancer Center Protocol Office - . Date of Notification
2™ Floor Medical Alumni Building , ~ Initial Contact __ / _/
Burlington, VT 05405 FU Contact /
CHRMS #: : PRINCIPAL INVESTIGATOR: David N. Krag, MD

- PROTOCOL NUMBER AND TITLE: In Vivo Selection of Ligands for Targeted Therapy

Patient Identification Number: Date of event/problem:

Brief description of event/problem (please do not indicate “see attached” as a response):

Did event/problem occur here? - Yes No

Was event/problem related to protocol? Yes No | Unsure
If yes, how? .

Have there been similar events/problems reported here? Yes No
Elsewhere? Yes No

If yes to either, explain:

Was the protocol discontinued for this subject? Yes No Unknown
Was further treatment required? Yes No

If yes, explain:

Does the protocol need to be modified as a result of this report? Yes No

If yes, explain:

Does the consent form need to be modified as a result of this report? Yes No
If yes, explain:

Note: You should keep a copy of this completed form as this information must be included
in your summary of events/problems encountered during the indicated time period
of your next continuing review.
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In Vivo Selection of Ligands for-Targeted Therapy

PRINCIPAL INVESTIGATOR
David N. Krag, MD
309C Given Building
University of Vermont
Tel: 656-5830
Fax: 656-5833
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OPERATIONS CENTER
Vermont Cancer Center
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University of Vermont
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INTRODUCTION

A major problem in the treatment of melanoma is that present therapies lack specificity
for tumor cells and are extremely toxic to normal cells. The development of therapies with
high specificity for tumor is an utmost priority in melanoma research.

Our lab is attempting to identify novel small ligands (1-2 kD) that bind specifically to

- their use in the identification of specific ligands, known as combinatorial technology, has

revolutionized the field of drug discovery [28]. This proposal describes the use of this
technology to identify small peptide ligands that will spectfically bind to tumor cells and not to
normal cells. : ‘ :

Although peptides have traditionally been discounted as potential therapeutics due to an
assumption of their Instability in vivo, peptides can form an almost infinite number of shapes
and are exactly what nature uses to specifically target molecules both intracellularly and
extracellularly. Many peptides have important biologic functions and potent in vivo activities.

Furthermore, the exciting work of Ruoslahti et al [2, 60, 61, 65] has demonstrated that many

libraries, including those used in our lab, are biased for cyclic peptides. D-amino acids, non-

- matural amino acids, and pseudo-peptide bonds may also confer greater in vivo stability. A

novel and intriguing method of obtaining mimetics that may be more stable in vivo involves
using a D-amino acid synthesized target. Screening with the D-amino acid target can result in
the identification of D-amino acid peptide ligands to natural L-amino acid targets [71]. Peptide
structures can also be readily determined by NMR and used to model peptidomimetics that may

receptors. Other advantages of peptide ligands for tumor targeting are that they can be easily
synthesized in the large amounts needed for clinical use, their chemistry is well known, and
conjugation methods are routine.

Peptides and peptidomimetics are Vvery promising targeting agents because they can
potentially bind targets with the same exquisite specificity as antibodies, and are likely to have
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detectable proteolysis. The delivered protein was successful in mhibiting growth factor signal J
transduction. Peptides can also potentially target imaging agents for diagnostic purposes.

Using a combinatorial approach, large random peptide libraries (RPLs) have been
constructed in several systems. The RPLs described in this proposal have been or will be
constructed in a phage-display system [19, 21, 83]. Phage-displayed and other biological RPLs
are particularly powerful in that the peptides are physically linked to their encoding DNA.
Because DNA is easily amplified for sequencing, one binding peptide out of millions can be
determined. Phage-displayed libraries are made using filamentous phage that infect and
multiply in £ coli. Each phage particle has five copies of a minor coat protein (pIII) located at
one end. Random synthetic DNA is inserted mto the gene coding for pII so that the foreign
DNA is expressed at the free N-terminus of pIll as random peptides. In this system, up to 5
copies of each peptide are physically “displayed” by each phage particle. (Another commonly
used phage-display system employs the major coat protem and displays several hundred

amplified in E. coli. After amplification the phage DNA can be sequenced to deduce the
identity of the displayed peptide. The small size of the library particles allows manipulation of
muillions of different potential binding units in a few microliters. '

Phage-displayed RPLs have been used by our lab and others to isolate small ligands,
some with nanomolar and even picomolar affinity, to a large variety of targets mncluding several
potential tumor targets and other clinically important targets [2,18,60, 61, 65, 90]. One
example of the use of small peptides (8 and 12 mer) in targeting tumors has been reported by
Renschler et al. [66, 67] who used phage displayed RPLs to identify peptides that bind to the
antigen binding receptor of B-lymphoma cells and induce apoptosis in vitro. Most of these
ligands have been identified using in vitro screening techniques: binding purified target protein
to a matrix, incubation of the immobilized protein with the peptide-phage library, washing
away non-specific binders, elution of specifically bound phage, followed by phage amplification
and DNA sequencing to determine the identity of the peptide responsible for binding activity.

This proposal describes the use of phage-displayed RPL technology to identify small
peptide ligands to melanoma-specific targets by invivo screening in melanoma patients. In future
studies, these peptides will be modified if necessary to optimize in vivo stability, coupled to cytotoxic
or other therapeutic agents, and used to mediate the specific destruction of melanoma tumor cells.
Proof of concept for our project is found in several exciting recent reports [2, 18, 60, 61, 65, 90],

We are in a unique position to perform the novel in vivo RPL human screening
experiments described in this proposal. We have extensive experience with phage RPLs and
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have successfully developed binders to several potentially clinically useful targets. The PI has
extensive clinical experience in the [V injection of experimental compounds such as
radiolabeled monoclonal antibodies and the mtratumor injection of technetium colloid
matenals. In vivo RPL screening experiments 2,46 1,65] are certainly among the most
mtriguing and novel in cancer research today. We feel it is important and urgent to pioneer
similar techniques in humans, as the wdentification of ligands that recognize mouse endothelial
cells may not be relevant to treatment of human melanoma.

In vivo RPL screens in humans offer several potentially critical advantages over in vitro
screening including:

1) Tumor targets will be in their native conformation with all their human post-
translational modifications: Screening targets in their native in vivo conformation may
be especially important in light of the following: host endothelial targets may be among
the most promising “tumor” targets available [10-12, 27, 37, 60] [4] and “the
phenotype of endothelial cells is unstable and likely to change when the cells are
removed from their microenvironment [3. 8, 65].” Therefore, IV njection of RPLs in
vivo may not only be the optimal method of presenting these important endothelial
targets to the library- it may be the only effective method. Host targets, which are
genetically stable and homogenously present on target tissues, are particularly attractive
due to the heterogenous nature of most cells of a tumor, which may be difficult to

- target with even a combination of drugs. However, targets located directly on tumor
cells are also most advantageously presented in their native conformation.

2) Inherent selection of peptides that recognize specific targets due to efficient
“subtraction” of library clones which bind to normal tissue during exposure of the
mjected library to the entire body. Efficient removal of library clones that bind normal
tissue is essential to the recovery of tumor-specific clones. It would be difficult to
“subtract” all clones that bind to every possible normal tissue by in vitro subtraction
methods, as this would require having fresh tissue samples from dozens of human
tissues harvested from a cadaver. Subtraction with fixed tissues may not give
satisfactory results since all targets do not retain native conformation during tissue
fixation. Obviously, in vitro subtraction with all possible normal tissues, fresh or fixed,
would be impossible to do with the normal tissue of the same patient being screened.
Rajotte ef al. [65] noted how their in Vivo screening method “surprisingly.._consistently
yielded tissue-specific homing peptides” and attribute this success to efficient whole
body “elimination of nonspecific phage.” Further evidence that in vivo screening
methods may be more effective than in vitro methods in the selection of specific ligands
to cell surface targets is supplied in an interesting report by Barry et al [5]. Using
whole cells to pan in vitro, peptides were identified which bound to many cell types
rather than peptides that bound specifically to the cell type used for screening.

3) Inherent selection of only peptides that are stable in vivo.

4) Inherent targeting of only targets that are stable in vivo and which are capable of stably
binding ligands in vivo.

5) Purification or poior knowledge of particular targets is not necessary.

6) Potential elucidation of novel tumor targets. Targets are not influenced by
Immunogenicity as with targets defined only by monoclonal antibody development [5].

Screening whole cells or cell extracts m vitro can also achieve the latter two
advantages; however, many of the important advantages will be lost using this technique.
Similarly, while direct injection of tumor with RPLs for screening is certainly possible, the
important advantage of whole body elimination of normal tissue binding clones will be lost, and
the chance of exposing the library to the important apical surface of endothelial cells will be
greatly decreased. Systemic injection may well be the most effective way to identify ligands
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with a good tumor/control tissue- binding ratio. For example, in previous in vivo screening
experniments, a peptide with a RGD motif binds integrins three orders of magnitude better than
an NGR peptide. However, the NGR peptide had a tumor/control tissue homing ratio three
times better than that of the RGD peptide [2]. :

The following proposal will extend in vivo screening techniques in the following ways
to optimize its success in identifying small tumor-specific ligands in humans:

1) Identification of human targets. Ligands to mouse endothelial targets are not likely to
be as effective or effective at all for human targets. Inthe previous in vivo tumor
screening study in mice, many of the tumor-homing peptides contained an RGD amino
acid motif, as did one of the two peptides assessed for their ability to direct doxorubicin =
to tumors {2]. Although integrins and related receptors are very promising tamor
targets, and many integrin binding sequences contain an RGD motif, the regions
flanking RGD are critical to the specificity of integrin binding. Optimal flanking
regions of these integrin binding peptides are not likely to be identical for the
recognition of both mouse and human integrins on newly developed endothelial cells, .
as mouse and human integrins are not identical as assessed by GCG analysis. Peptides
identified by human in vivo screenings are far more likely to yield specific and high
affinity binders to human tumors.

2) Identification of targets in a realistic setting. The mouse model was a xenograft model,
and did not involve mouse tumor. This artificial model may yield results not applicable
to the eradication of natural tumors: '

3) By using a large panel of libraries that offer a variety of structural contexts for peptide
presentation, we believe we may isolate peptides that bind to other promising
melanoma targets as well as to tumor-associated mtegrins. It is likely that a successful
therapeutic regimen for advanced cancer will require a “cocktail” of anti-cancer
compounds. Targeting a single cancer target is not likely to effect a long-term
favorable therapeutic response. In addition, there is evidence that other sequences may
bind as tightly and more specifically than RGD sequences to integrins [9]. Itisalso
possible that RGD and NGR peptides [2] may bind to too many targets to be specific
enough. Even low affinity binding can have significant biological consequences,
particularly with avidity effécts, as is the case with integrin binding to fibronectin.
Furthermore, a large panel of libraries which present a vast number of peptides presented in
a varnety of structural contexts is much more likely to yield a high affinity binder to any given

- target [7]. We will also employ several innovative RPL technical improvements, developed
by both our lab and Affymax.

4) We will attempt to identify peptide ligands to endothelial targets by harvesting tissue within
10 minutes after library injection. However, by harvesting tissue 24 hours after library
mjection, we will also attempt to identify peptides that bind directly to tumor cells or are
taken up by tumor cells. :

5) We will attempt to assay peptide binding directly rather than via competition with peptide-
phage as done in previous in vivo screening experiments. This will allow us to more
accurately determine the degree of specificity by immunohistochemical analysis of peptides
on tumor tissues and a large panel of normal tissues.

6) By performing multiple screens in one person, rather than serially as was done with
mice, we may determine which targets are unigue to a particular individual. (Important
generic targets will be identified by similarities in consensus sequences identified from
different patients in whom complete multiple screenings were performed, or by serial
screens between different patients.) Even though screens will be initially performed on
patients with advanced disease, it is very conceivable to establish a profile of ligands
aganst the majority of newly diagnosed patients with melanoma immediately prior to
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definitive surgery. This would allow design of systemic adjuvant therapy most
appropnate to each patient.

7) Very importantly, we will carefully investigate toxicity during phage injections and
screenings in both animals and humans. Toxicity during in vivo RPL screening has not
previously been studied. \

8) We will test several screening designs, including multiple screenings in one patient to
‘determine the safest and most effective screening protocol. '

v A large portion of the following proposal is designed to examine possible toxicity
during in vivo screening. We do not expect the screening procedure to cause toxicity as
bacteriophage have been injected intravenously in humans and even neonates for over 30 years
In approximately 3000 patients with essentially no side effects. This is extensively reported in
the literature [13, 36, 58, 62, 85] (also see Appendix.) Phage are injected into humans IV
routinely for analysis of antibody responses. '

: There has also been extensive use of over 250 strains of bacteriophage, including 39
that infect Escherichia bacteria, which were administered orally or locally for treatment of
mfection [76-82]. Not only were “side effects” described as “extremely rare” (3 allergic
responses out of 138, with no prior endotoxin testing), the phage treatments were often
effective in eliminating the bacteral infection. '

Bacteriophage are known to specifically infect only bacteria, and each bacteriophage
strain infects only a very narrow range of bacterial species. In addition, 1t has long been known
that ssDNA is expressed poorly or not at all in mammalian cells. The presence of phage DNA
m human cells was examined in the antibody analysis studies mentioned above several months
after injection and none was detected. Therefore the possibility of bacteriophage “Infecting™
eukaryotic cells in any way is highly unlikely. Nevertheless, we will carefully monitor this
possibility by PCR.

Dr. Hans Ochs, an immunologist who is one of the pioneers of using phage $X174 for

- antibody response analysis, is an enthusiastic collaborator on this project. Dr. Och’s group has

had an IND from the FDA for over 20 years for this procedure. We will have his expertise
available to us for consultations on human phage injection and he will provide us with his strain
of phage for library construction if necessary. Not only has the work of Och’s et al been
extensively documented for non-toxicity, their experiments give us an accurate estimate of the
time we have available to screen before we expect immune system interference. Our Iibrary is
constructed in a strain of bacteriophage different than the stram used for antibody response
analysis, although they both infect E. coli exclusively. However, filamentous phage injection is
not likely to cause toxicity, as there have been numerous reports of the injection of filamentous
phage into mice for several other purposes including hybridoma development. There are
several groups investigating the use of filamentous phage particles as potential vaccine delivery
agents, with numerous preliminary studies in mice. At least one of these studies reports TV
injection of a very large number (2x10%) of phage particles with no toxicity reported, although -
toxicity was not explicitly addressed [32]. The mice survived at least 3 to 4 days when they
were sacrificed in order to harvest spleen cells for hybridoma development. Our phage will

also bear peptides, which may present complications particularly after amplification from tumor

tissue, which will likely have normal tissue components. Therefore, the proposal has been
carefully designed to detect any possible toxicity. We have had an active dialogue going on for
several months with both the NCI and the FDA on this matter, and their input has shaped the

present design.

OBJECTIVES

Specific Aim: The safety of IV administration of phage RPLs in human patients with melanoma
will be established with both naive libraries and amplified libraries. These studies will be the
equivalent of Phase I trials, Screenings will be performed three times over a time period of <14
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days. Throughout the screening process patients will be carefully evaluated for adverse
reactions. Peptides displayed by phage isolated from tumor tissue will be routinely analyzed for
both consensus amino acid sequences and tumor-binding. Binding to normal tissue will be
assessed by immunohistology on a large panel of 35 different normal human tissues. Successful
completion of this aim will establish the safety of in vivo phage RPL Screening in humans and
will result in the identification of peptides which bind specifically to melanoma tumor cells or to
blood vessels specifically supplying tumor cells in human patients. - Whole body in vivo
screening experiments will result in the development of methods that may allow identification of
novel tumor targets and greatly improved therapeutics. '

_ Hypotheses 1. Small peptides can be identified from RPLs that will bind .speciﬁcally to' human .

tumor cells and/or to blood vessels specifically supplying tumor by in vivo screening in human
melanoma patients. 2. One way of identifying these peptides, and perhaps the most efficient
way, is to inject phage RPLs libraries into patients and to harvest specific peptide-phage directly
from resected tumor tissue. 3. Small ligands that bind specifically to cancer cells will allow
development of more effective cancer therapeutics. ’

PATIENT ELIGIBILITY CRITERIA

3.1 - Histologic documentation: patients with metastatic or locally advanced primary or
recurrent melanoma that is not considered curable by conventional therapy.

3.2 Prior Treatme‘nt: No Limitations.

33 Measurable Disease:
Superficial cancer nodules or mass amenable to biopsy with minor surgery.

34 Age limitations: 30 — 70 years of age
Performance score: Kamofsky status > 70
Life expectancy: > 4 months
Non-pregnant

3.5 Informed Consent: the patient must be aware of the nature of his/her disease and
willingly consent afier being imformed of the procedure to be followed, the
experimental nature of the procedure, alteratives, potential benefits, side effects, risks,
and discomforts.

3.6 No previous or concurrent malignancy is allowed, except mactive non-melanoma skin
cancer, in situ carcinoma of the cervix, or other cancer if the patient has been disease-

free for > 5 years.

3.7 No other serious medical illness, other than that treated by this study, which would limit
survival to < 4 months, or psychiatric condition which would prevent mformed consent.

3.8 No evidence of extensive pulmonary metastases evidenced by chest roentgenogram
within 60 days of the protocol. ‘

3.9 No clinical symptoms suggestive of brain metastases unless ruled out by imaging
studies.

Patient Registration
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6.0

4.1 Authorized physicians or designees must fill out confirmation of registration sheet
(Appendix II) fax into the Operations Center 656-4270 to obtain a patient number.
Office hours are 8:00 to 4:30. '

4.2 All patients will sign an approved formed consent that provideé full disclosure of the
procedure, rationale, plan, and risks. :

4.3 At the time of registration, the Investigator may be asked to respond to a list of

questions related to the patient’s eligibility for this protocol. The eligibility checklist is
located in Appendix II

4.4 When a patient is removed from protocol (e.g., because of disease progression or drug-
related toxicity), the Operations Center is to be called and given the reason for the
patient’s removal from the protocol and the date on which discontinuation of protocol
occurred. ' i

4.5 We estimate that we will study 20 patients.

- Required Monitoring of Padents

Patients will be admitted to the General Clinical Research Center (GCRC). An intravenous line
will be placed. Baseline vital signs (blood pressure, pulse, temperature, and respiratory rate) _
will be determined before infusion of phage, every 15 minutes during infusion and for 2 hours
after infusion. The patient will be under constant supervision and equipment, medications, and

personnel capable of treating allergic (including anaphylactic reactions) will be immediately
available. :

Before Infusion Every 15 Minutes Two Hours after
During Infusion Infusion
Blood Pressure X X X
Puise X X X
Temperature X X X
Respiratory Rate X X X

Screening will ideally be completed in less than 7 days to avoid patient Ab response to phagg
[62]. Throughout the screening process patients will be carefully evaluated for adverse
reactions. ’

Study Plan

Approximately 20 patients will be subjected in vivo screening in an attempt to identify peptides
that home specifically to their tumor tissue. It is highly unlikely that cancer patients have
preexisting intact filamentous phage located in their tumor tissue. Nevertheless, as a control,
biopsies from two patients, uninjected with phage, will be assayed for the presence of phage.
In the experimental group, if phage clones isolated from tumor tissue after the third tissue
harvest display a consensus amino acid sequence, it is highly likely that those peptide-phage are
binding specifically to some component of the patient’s tissue. An internal control will be to
compare the sequences of phage clones eluted from the first tissue harvested (expected to be
relatively random) compared to the last tissue harvested, as well as comparing clone sequences
from peptide-phage isolated from different patients. Regarding the ability of this procedure to
identify peptides which home specifically to tumors, we do not believe methods to minimize
bias on the part of subjects, investigators, and analysis are necessary, as the measurements to be
made: the number of phage eluted from the tumor, and the sequence of the peptides displayed
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by phage clones eluted from tumor, are objective and not subject to human bias. Regarding the
possible side effects caused by this procedure, bias will be minimized by having all procedures
performed in the University of Vermont General Clinical Research Center (GCRC). The staff at

the GCRC are expert in observation of patients during experimental protocols and are not
supervised by the PI of this mvestigation.

Patients will be admitted to the GCRC: An intravenous line will be placed. Baseline vital signs
(blood pressure, pulse, temperature, and respiratory rate) will be determined before nfusion of
phage and every 15 minutes during infusion and for 2 hours after infusion. The patient will be
- under constant supervision and equipment, medications, and personnel capable of treating
allergic (including anaphylactic reactions) will be immediately available. Anti-bacteriophage
antibodies will be determined by ELISA prior to administration of the bacteriophage library.
Based on previous studies [13, 36, 58, 62] very few individuals have pre-existing bacteriophage
antibodies and it is expected that antibacteriophage antibodies will develop subsequent to phage.
library administration similar to that demonstrated for $X174 (see Ochs IND # BB-IND 714).
‘Since positive titers are expected and serial administration of bacteriophage has resulted in only
rare reversible side effects, subsequent titer levels will not be obtained for this protocol. In the
cvent that the number of phage recovered from the tumor specimens harvested after the second
‘phage library administration are extremely low, titer levels of anti-phage antibodies will be
determined in order to determine if antibodies are the cause of low phage recovery.

Ideally, we will screen our RPL(s) three times in the same patient. In the unlikely event of
toxicity with naive libraries, no further pans will be performed. In the event that only amplified
phage show evidence of toxicity, no further pans will be performed.

A phage displayed RPL pool will be prepared and tested according to FDA standards as
discussed below in “Pharmaceutical Information/Preparation”. Before phage injection, one
sample of tumor tissue from the patient will be biopsied, snap frozen and sixty slides will be
prepared for later testing of selected clones for tumor binding affinity. The library will be
diluted in 250 ml saline and infused intravenously over 10 minutes into 2 melanoma patient.
Initially 10™*° pfu will be injected as that amount was found to be completely non-toxic to

- humans in similar studies [62]. Higher numbers of phage, up to 10" or more may be
necessary if we fail to harvest phage from a small amount of resected tumor. An appropriate
dose will be one in which peptide-phage are isolated from small tumor biopsies, and preferably,
one i which peptide-phage isolated from tumor tissue display homologous amino acid
sequences. Small amounts of tumor tissue will be biopsied in the procedure room of the
GCRC at time points of 10 minutes and 24 hours post infusion. Standard surgical technique
typical for performing a surgical biopsy will be utilized for the biopsy procedures. It is intended
that the biopsies be as small as possible on the order of 1.0 gram of tissue. The method of
biopsy will be either incisional, excisional, or core depending on the location of the tumor.

The tumor will be rinsed to remove blood, the tissue will be ground, and E. coli will be added
to amplify phage. Phage will be eluted from tumor cells and amplified using methods
established by us and others [2,5,25,61]. Phage will be amplified and quantified by titering,
with results available within 12 hours. If (enriched) phage are present, they will be prepared as
was described above for initial infusion and will be reinjected as soon as possible (1 to 2 days).
The harvest and amplification will be repeated a maximum of 2 times for 2 maximum of three
screenings in one patient. Screening will ideally be completed in less than 7 days to avoid
patient Ab response to phage [62]. Throughout the screening process patients will be carefully
evaluated for adverse reactions.
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Peptides displayed by phage isolated from tumor tissue will be routinely analyzed for both
consensus ammo acid sequences and tumor-binding as in Aim 3. Binding to normal tissue will
be assessed by immunohistology on normal, quick frozen melanoma tissue excised at the same
time as the tumor biopsy and on a large panel of 32 different normal human tissues not from -
the protocol patient. Immunohisotochemistry with anti-transferrin receptor mAb will be used
as a positive control to assure tissue and assay reliability.

Any consensus sequences identified from phage eluted specifically from the tumor tissue will
be excellent candidates for tumor-specific peptides. Promising peptides will be synthesized and
tested for tumor specificity. Peptide binders we identify by whole body screens, almost by
definition, are likely to be stable in serum and generally stable in vivo, a major advantage to this
technique. '

In future studies, we will evaluate the efficacy of peptide-therapeutic conjugates. In addition to
attaching standard cytotoxic drugs to the ligands, in separate experiments we will attach
mmmunogenic peptides, perhaps one to which most people have already been immunized
against. The binding of a molecule bearing an immunogenic peptide to the tumor cell surface
may stimulate the Immune system to climinate the tumor cell. Thus, instead of using dangerous
chemicals or radiation, we may be able to direct the body’s own immune system to more naturally
eradicate tumor cells. '

Pharmaceutical Information

Qualified personnel who are familiar with procedures that minimize undue exposure to
themselves and to the environment will undertake the preparation, handling, and safe disposal
of agents in a self-contained, protective environment.

Drug Information And Prepération:
Filamentous peptide-phage are prepared from E. coli cultures grown overnight on 2xYT media
agar plates. The phage particles are resuspended in phosphate buffered saline with prokaryotic

_ protease inhibitors (PBS-PPI) by “sweeping” the agar with an angled glass rod. The phage

suspension is centrifuged twice to remove bacterial cells and filtered with a 0.22 um
polyethersulfone membrane to completely remove any remaining F. coli cells. The phage are
concentrated by precipitation with polyethylene glycol (PEG). The resulting pellet is
resuspended in fresh PBS-PPI and the phage suspension is passed through a 0.45 pm cellulose
acetate filter. Endotoxins are removed from the preparation by performing three 1% (v/v)
Triton X-114 extractions. The phage are concentrated with PEG again and the resulting pellet
1s resuspended in PBS-PPI. The phage suspension is shaken 10 min at 200 Tpm on ice,
followed by centrifugation. The supernatant containing the peptide-phage is passed through a
0.45 pm cellulose acetate filter, followed by passage through a pyrogen-free 0.2 pm cellulose

- acetate filter to sterilize the preparation.

According to FDA guidelines, establishment of the sterility of any preparation to be injected
mnto humans must be performed by inoculation of the product into Fluid Thioglycollate Media
and Tryptic Soy Broth. We have performed these sterility tests exactly as described in the Code
of Federal Regulations (21CFR610.12) on representative preparations. These tests have
confirmed the sterility of our preparations, as expected after filtration through a pyrogen-free
0.2 pm cellulose acetate filter.

Although the sterilization filtration technique takes only a minute, the FDA guidelines for

asserting sterility takes 14 days. This 14 day waiting period is not compatible with the
screening experiments we have proposed for 2 reasons:
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A) In our experience and judgement, when performing phage-display RPL screening, it is
optimal to prepare a fresh batch of a phage-displayed library to optimize complexity of
libraries, as some of the displayed peptides within the library may be more susceptible to
degradation than other peptides. Ideally we would like to be able to establish proof of stenlity,
lack of endotoxins, and any other parameters necessary, within a few hours. It is possible that
some of these difficulties may be avoided by freezing peptide-phage preparations. However,
the freezing process may also compromise the stability of the peptides and therefore, the
complexity of the libraries. It is possible that all the peptides which may bind to tumor targets
may be stable for 14 days. This may be elucidated as the study progresses. Furthermore,
freezing or other storage methods which would avoid peptide degradation for 14 days, will not
address the problem raised in point B below.

It may be possible to establish a large batch of libraries used for initial screenings only if a
storage method which allows the displayed peptides to retain their tamor binding activity can be
developed. : '

B) To perform 3 screens in one person, the screens will piobably need to be performed in
about 7 days, in order to avoid rejection of phage by the immune system, as a detectable IgM
response to mjected phage typically begins to develop in humans in about 7 days. Serial
screening in one person may be the most optimal way to identify tumor-homing peptides, and
may well be the only way to identify tumor-specific targets which are individual to a given
patient. Therefore, to perform three screens in one patient, a 14 day waiting period for results
of sterility testing will probably not be possible. :

Administration: Peripheral intravenous line
Potential Toxicity, Dose Modifications, and Management

There is the risk of allergic reaction (including anaphylactic) associated with the administration
of the phage library. The likelihood of this is very low since a similar (but different strain) of
bacteriophage has been injected into thousands of patients with no serious sequelae. Personnel
skilled in handhing allergic reactions will be immediately present during infusions and all
equipment for handling such reactions (including anaphylactic) will be mmediately available.
A small number of individual molecules of each type of displayed peptide are not expected to
have strong toxicity. Preliminary studies in animals will help determine this. Patients will be
closely monitored. All necessary measures will be taken to counter any level of allergic
reaction.

All reagents will be prepared according to FDA standards and tested for sterility and
pyrogenicity prior to administration. There is an extremely low risk of a patient receiving
material that is either pyrogenic or not sterile. ‘

Dr. Hans Ochs, a collaborator on this project, has the world’s largest experience injecting
bacteriophage and is a collaborator on this proposal. He has performed extensive studies with
bacteriophage injected IV in humans. It has been used safely in over 3000 patients to monitor
antibody responses with only rare adverse reactions in patients with unusual genetic immune
deficiencies. Investigations were carried out to detect phage DNA incorporation into
eukaryotic cells and was found only transiently in lymphocytes. He has an IND with the FDA
for intravenous administration of bacteriophage. He also has extensive experience with the
immunological consequences of intravenous administration of bacteriophage.

Criteria for Response Assessment

This is not a therapeutic trial; therefore the change in tumor size will not be assessed.
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1.0

Removal of Patients from Protocol Therapy

If at any time the constraints of this protocol are detrimental to the ‘patient’s health and/or the
patient no.longer wishes to continue with the procedure, the patient shall be withdrawn from
the study. In this event:

Notify the study chair
Document the reason(s) for withdrawal on flow sheets

Adverse Event Reporting

| All adverse events (AEs) occurring with any patient participating in this clinical trial will be

reported to the Cancer Center Protocol Office as described below.

11.1

11.2

11.3

Immediately (within 24 hours) telephone the Protocol Office for any of the following
reasons:

Any and all serious and/or hfe~threatenmg events which may possibly be reasonably
associated, i.e., may reasonably be regarded as caused by, or reasonably be
regarded as probably or possibly caused by, the investigational drug used n this
protocol, or due to drug administration.

All fatal and unexpected events regardless of cause or association with study
treatment.

All first occurrence of any “unexpected” (previously unobserved or ‘unreported)
toxicity (regardless of Grade).

Definitions
The following definitions of terms as per Federal Regulations apply to this section:

® Serious adverse event. any experience that is fatal or life threatening, is permanently

disabling, requires inpatient hospitalization, or is a congenital anomaly, or
overdose.

e Associated with the use of the drug. there is reasonable possibility that the

experience may have been caused by the drug or combination of drugs.

Unexpected adverse event: any adverse event that is not identified in nature,
severity, or frequency in the current investigator’s brochure or package insert.

Algorithm for Reporting Adverse Reactions

Any and all serious and/or fatal or life threatening events which may be associated
with the investigational drug used in this protocol, or due to drug administration.

* (see above):

Report by telephone or facsimile transmission within 24 hours regarding to the
Cancer Center Protocol Office at 802-656-2967.

Person to be contacted:
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Paul Horton, Records Coordinator
2™ Floor Medical Alumni Building
Burlington, VT 05405

Phone: 802-656-2967

Fax:  802-656-8788

Email: phorton@zo0.uvm.edu

* Any and all serious and/or fatal or life threatening events which are not associated
with the investigational drug used in this protocol or with drug administration
should be reported to the Cancer Center Protocol Office within S days.

* A written report of all adverse effects or experiences and deaths will be submitted
by the investigator/co-investigator. In this report, the investigator will advise
whether or not the AE is judged to be attributable to the study medication. All such
subjects should be followed clinically by the appropriate diagnostic studies. Side
effect or subjective symptomatology volunteered by a subject will be noted and
recorded as to type and severity on the individual’s patient chart. If no side effects
are experienced, this also will be reported on the patient chart

* Intum the Protocol Office will inform the University Institutional Review Board
(IRB) and the VCC Protocol Review Committee (PRC) and the FDA if necessary.

Statistical Consideratons

Successful binding of ligand can be viewed as a dichotomous variable and this perspective will
be taken relative to the examination of the data. Ligand binding will be examined at two
distinct time points and the percent of subjects in whom a ligand is identified at each of the two
time points will be initially quantified using exact 95% binomial confidence intervals. A
sample size of n = 20 subjects would give rise'to a standard error of at most 9.7% for a
binomial point estimate under the assumption that the actual binding success rate would be at
the 75% or higher level. With a 75% successful binding level, it is anticipated that an expected
value of 7.5 out of the first 10 subjects examined would be observed. Since a change in the
phage library would be desired if the library were not producing a sufficient rate of binding, we
will examine the data in a sequential fashion. The probability of observing four or fewer
successful events out of n = 10 subjects equals 2% using a cumulative binomial distribution
with individual trial probability of success of 75%. Thus, if four or fewer successful events are
observed in the first ten subjects, we will shift to a new phage library. If five or more of the first
ten: subjects have ligands identified, the next ten subjects will be examined using the same
phage library. Since individual subject data are to be obtained at two distinct time points, the
experimental design leads to a binary repeated measures setting. Each subject will be
considered as a stratum within the context of a conditional logistic regression model. Given the
small sample size, an exact procedure will be taken that assumes that the timing effects are
conditionally independent of the stratum effects. The software package StatXact will be used to
implement examination of the equality of the success rates levels at the two time points. Cross
reactivity with other tissue types (total tissue types = 32) will be examined individually for each
tissue type using contingency table methods with quantification of the level of cross reactivity
using a 95% confidence interval for the odds ratios. Identification of the prevalence of
common peptide motifs will be estimated using exact 95% binomial confidence tervals. It is
anticipated that a 30% prevalence of a common motif will give rise to a point estimate with a
standard error of about 9%.

Records to be Kept
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Data on the tumor characteristics will be collected from the pathology reports, infusion data
(amount, batch number) will be recorded, and the molecular consensus sequences of possible
binding peptides will be documented.
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15.0 Informed Consent

INFORMED CONSENT

Protocol Title: In Vivo Selection of Ligands for Targeted Therapy
Protocol Chairman: ~ David N. Krag, M.D.

Responsible Physician:

Sponsor: National Cancer Institute and Vermont Cancer Center, University of Vermont

I , understand that I am being invited to participate in the above -
research study that has been explained to me by Dr. . It has been explained to me
that I have melanoma and have been invited to participate in a clinical study to identify new methods of
selectively targeting and delivenng anticancer drugs directly to a melanoma.

Present treatments for melanoma are often ineffective because they lack the ability to target cancer

cells. Specifically, anticancer drugs are injected intravenously and distribute throughout the entire body.
The drug itself has no particular preference for concentrating in cancer cells. Therefore the entire body

is exposed to the same dose of toxic anticancer drugs. The effect of toxic anticancer drugs on normal
non-cancer cells is a limiting factor. This means that the dose of drug given can only be so much. It may -
take comsiderably more drugs than the body can tolerate in order to cure a patient of melanoma.

The ultimate goal of this clinical research is to develop a new way to target and selectively concentrate
anticancer drugs to cancer cells. We propose to add a small tag, which is 2 molecule called a peptide, to
the anticancer drug. This special tag would allow the anticancer drug to be delivered and concentrated
at melanoma cells. In this way, the concentration of drug would be much higher at the cancer cells than
normal non-cancer celis.

The immediate goal of this protocol is to develop the tag that will attach to the "address” of cancer
cells. The targeting agent (tag) will later be designed to deliver anticancer drugs directly to the address
of the cancer cells. Right now we do not know the address of cancer cells. In order to find atag to
cancer cells we propose to intravenously inject several million different tags (or molecules). A small
piece of the cancer is removed and the tags that bave found their way to the cancer cells (out of the
millions injected) and are able to stick at the address of cancer cells will be determined. '

Attaching each of the tags to a special agent called a bacterial virus allows my doctor to find the special
tag that sticks preferentially to the cancer cells. My doctor is able to find the bacterial viruses and 1s
then able to determine the exact nature (or type) of the tag that sticks to my cancer.

The bacterial viruses (which carry the tag) are living agents that are similar to the human viruses (or
germs) that cause the flu and other minor and sometimes serious illnesses in people. These bacterial
viruses are special and are not known to infect humaus or any other animals. They are not known to
cause any human illnesses and may act to protect humans against bacterial infections. They are only
able to infect a very small Living cell called a bacterium. Many thousands of humans have been
previously injected with special bacterial viruses (similar to the ones proposed here) and adverse
responses are extremely rare.

Following injection of the special tags, my doctor will remove a small piece of cancer from my body.
The size of this piece of cancer will be a cube about than 1/2 an inch on edge. The reason for removing
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this piece is to find the special tags that have stuck to my cancer cells. This procedure will be a minor
surgical procedure and may involve a small incision and placement of stitches to close the wound. This
procedure will be done under local anesthesia. Several hours later another small piece of my cancer
will be removed .

It is expected that my doctor will find many tags in the cancer specimen that was removed from my
body.. Some of these tags are there because they truly stick strongly to my cancer cells. These are the
tags that my doctor is after. Some of the tags, however, will be just passersby. That is, some of the tags
will just happen to be passing though the cancer at the time the small specimen is removed and will not
really be sticking to the cancer.

In order to determine which tags truly stick and which do not (or do not stick very well) my doctor will
purify the tags found in my cancer and later reinject them into my vein. Just as was done following the
first injection, a piece of cancer will be removed, and several hours later another small piece of my -
cancer will be removed. This time there will be many less types of special tags to bind to my cancer
cells and it is more likely that my doctors will be able to identify the tags that stick most strongly to my
cancer cells. The entire procedure of injection and biopsies will be repeated a third time. All of the
mjections and biopsies will be performed within 7 to 14 days. '

Before the first injection takes place my doctor may perform a biopsy to have enough of my cancer
cells available for later testing. The tags later identified to stick most strongly to my cancer cells will be
tested against the first cancer biopsy material to determine how sticky they are.

This entire procedure: 1) biopsy cancer tissue, 2) injection of special tags in my veins and biopsy of
cancer tissue, and 3) repeat injection of special tags and repeat biopsy of cancer tissue, 1s only one set
of important steps required before this method of targeting anticancer drugs can be useful in possibly
treating cancer. This clinical study is only designed to determine if this method (injection of tags and
biopsy of cancer tissue) can find the special tags that stick preferentially to my cancer cells.

In order for this method to be possibly useful in treating my cancer an entire additional set of studies
need to be performed. These additional studies involve connecting the special tag to anticancer drugs -
for special delivery to my cancer cells. It is important for me to understand that these second set of
studies will not be performed as part of this clinical study I am beng invited to participate in. That
means that the findings from this clinical study will not necessarily be useful to me personally in treating
my cancer.

BENEFITS AND RISKS:

I understand that I will be’ monitored very closely by either a nurse, or my doctor, or both, during the
time of the injection of the material into my veins. I understand that there is a nisk of allergic reaction to
the material. Although the risk is very low (less than 1 in a thousand) it is real and may be serious and
possibly life threatening. I understand that medications will be immediately available to counteract any
allergic reactions, no matter how severe. :

I understand that I will have an intravenous catheter placed into one of my veins. This is called an "IV"
and it may be uncomfortable since it requires placement of a needle into my vein first. It will remain in
my arm for several hours until the entire procedure is complete. I understand that a risk of having an
intravenous catheter placed is an infection. This is a small risk but is real. If this should happen I may
need to put warm soaks on the area and may need to take an antibiotic.

I understand that I will have up to seven biopsies of my cancer tissue. Each one of these biopsies will
be small but will imvolve a small surgical procedure. I understand that local anesthesia will be injected
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around the biopsy site to numb the tissue. I may need to have stitches placed. There is a small risk of
infection as there is with any surgery. If this should happen I may need to put warm soaks on the area
and may need to take an antibiotic. '

I understand that this clinical study will be of no immediate or direct benefit to me. It may-in the future
lead to important findings that may benefit others. There is a remote possibility that if this study is
successful I may participate in subsequent clinical studies designed to test the anticancer effectiveness
of this technique. '

ALTERNATIVE TREATMENTS:

I understand that my therapy will not be lessened by participation in this trial. I understand that this
clinical ‘'study is not a therapeutic study and therefore not related to my treatments.

I have discussed the above facts with my physician and have been given the opportunity to ask
questions which have been answered to my satisfaction. I understand that my physician will answer any
questions that I might have. ' :

COSTS AND PAYMENTS:

The injection of the special tagged material and the surgical biopsies will not be billed to me. Other
medications and all physicians' and hospital costs related to my regular treatments will be charged to
me in the same fashion as if I was not part of this study. I will receive no monetary compensation for
my participation in this study. '

CONFIDENTIALITY:

I understand that a record of my progress will be kept in a confidential form at the Vermont Cancer

Center, University of Vermont (VCC/UVM). I understand that the results of this study may eventually
be published and that information may be exchanged between medical investigators, but that patient -
confidentiality will be maintained. There is a possibility that my medical record, including identifying

~ information, may be inspected and/or photocopied by qualified representatives from VCC/UVM, the

National Cancer Institute or other Federal or state government agencies in the ordinary course of
carrying out their governmental functions. If my record is used or disseminated for government
purposes, it will be done under conditions that will protect my privacy to the fullest extent possible
consistent with laws relating to public disclosure of information and the law-enforcement
responsibilities of the agency.

RIGHT TO WITHDRAW:

[ understand that [ am free to refuse to participate in this trial or to withdraw at any time and that my
decision will not adversely affect my care at this institution or cause a loss of benefits to which I might
otherwise be entitled.

COMPENSATION FOR ILLNESS OR INJURY:

I understand that it is not the policy of the University of Vermont or Fletcher Allen Health Care to
provide payment or free medical treatment for injury resulting from research. I understand that I may
contact Dr. David Krag, One South Prospect St. (802-656-2262) for more information about this study
or Nancy Stalnaker, the Institutional Review Board Administrator, 231 Rowell Building (802-656-
4067) for information regarding my rights as a research subject or for information about how to
proceed should I believe that I have been injured as a result of my participation in this study.
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VOLUNTARY CONSENT:

I have been given an opportunity to discuss this trial with the physician(s) conducting itand I
understand that I may ask further questions and that I may withdraw from the study at any time.
Withdrawal from the study will not prejudice my further care at the Vermont Cancer Center or Fletcher
Allen Health Care. I agree to participate in this study and I acknowledge that I have received a signed
copy of this consent form.

Signature of Patient Date
Signature of Witness ' - Date
Signature of Physician Date

Protocol Chatrman:
David Krag, M.D.
Surgical Associates
One South Prospect
Burhbngton, VT, 05401
802-656-2262
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APPENDIX I

NCI COMMON TOXICITY CRITERIA

TOXICITY GRADE 0 GRADE 1 GRADE 2 GRADE 3 GRADE 4
(Adverse Event) (Mild) (Moderate) .| (Severe) (or Life-
: Threatening)
BLOOD/BONE MARROW _
WBC >4.0 3.0-3.9 20-2.9 1.0-1.9 <1.0
PLT WNL 75.0 - normal 50.0-74.9 25.0 -49.9 <25.0
Hgb WNL 10.0 - normal 8.0-10.0 6.5-79 <6.5
Granulocytes/ >20 1.5-1.9 1.0-14 0.5-0.9 <0.5
Bands
Lymphocytes >20 1.5-1.9 1.0-14 0.5-0.9 <0.5
LIVER
Bilirubin WNL ~ <15xN 1.5-3.0xN >3.0xN
Transaminase WNL <2.5xN 26-50xN 51-200xN . >20.0x N
I (SGOT, SGPT)
Alk Phos or WNL <25xN 26-50xN 5.1-20.0xN >20.0xN
5' nucleotidase
‘GASTROINTESTINAL
Nausea none able to eat intake significantly | no significant -
' reasonable intake | decreased, but can | intake
eat )
Vomiting none 1 episode 1 24 2-5 episodes in 24 | 6-10 episodes in | > 10 episodes in 24
hours hours 24 hours hours or requiring
: _parenteral support
Diarrthea none increase of 2-3 increase of 4-6 increase of 7-9 increase of >10 ]
stools/day over stools/day, or stools/day, or ' stools/day, or grossly
pre-Rx nocturnal stools, or | incontinence, or | bloody diarrhea, or
moderate severe cramping | need for parenteral
cramping support
Stomatitis none painless ulcers, painful erythema, | painful erythema, | requires parenteral
' erythema, or mild | edema, or ulcers, | edema, or ulcers, |} or enteral support
soreness but can eat and cannot eat
KIDNEY/BLADDER ,
Creatinine WNL <1.5xN 15-30xN 3.1-60xN >6.0xN
Proteinunia no change 1+or<03g%or<|2-3+0r0.3-1.0 |4+or>1.0g%or | nephrotic syndrome
31 ghor3-10g/l >10g/1
Hematuria neg micro only gross, no clots gross + clots requires transfusion

Melanoma Protocol for IRB Page 24 of 33




APPENDIX I (Continued)

TOXICITY GRADE 0 GRADE 1 GRADE 2 GRADE 3 GRADE 4
(Adverse Event) Mild) (Moderate) (Severe) (or Life-
Threatening)
HEART/LUNGS
Cardiac none asymptomatic, recurrent or requires treatment | requires monitoring;,
dysrhythmias transient, persistent, no or hypotension, or
‘ Tequiring no therapy required ventricular
therapy tachycardia, or
fibrillation
Cardiac function none asymptormnatic, asymptomatic, mild CHF, severe or refractory-
decline of resting | decline of resting | responsive to CHF
ejection fraction ~ | ejection fraction therapy
by less than 20% | by more than 20% :
of baseline value | of baseline value
Cardiac—ischemia | none non-specific T- asymptomatic, ST | angina without acute myocardial
wave flattening and T wave evidence for infarction
| changes suggesting | infarction
ischemia -
Cardiac— none asymptomatic pericarditis (rub, | symptomatic tamponade; drainage
pericardial effusion, no chest pam, ECG effusion; drainage | urgently required '
intervention changes) required
required
Pulmonary none or no change | asymptomatic, dyspnea on dyspnea at normal | dyspnea at rest
with abnormality | significant level of activity
in PFT's _| exertion
Weight gain/loss | <5.0% 5.0-9.9% 10.0 - 19.9% >20.0% —
BLOOD PRESSURE
Hypertension none or no change | asymptomatic, recurrest or requires therapy | hypertensive crisis
transient Increase | persistent increase
by greater than 20 | by greater than 20
mm Hg (D) or to> | mm Hg (D) or to >
150/100 1f 150/100 if
previousty WNL; | previously WNL;
no treatment no treatment
required required -
Hypotension none or no change | changes requiring | requires fluid requires therapy ] requires therapy for
no therapy replacement or and resolves > 48 hours after
(including other therapy within 48 hours of | stopping the agent
transient stopping the agent
orthostatic
hypotension)
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APPENDIX I (Continued)

TOXICITY GRADE 0 GRADE 1 GRADE 2 GRADE 3 GRADE 4

.(Adverse Event) Mild) (Moderate) (Severe) (or Life

Threatening)

NEUROLOGIC .

Neuro—-sensory none or no change | mild paresthesias, | mild or moderate | severe objective [ —
loss of déep objective sensory | sensory loss or
tendon reflexes loss; moderate paresthesias that

paresthesias interfere with
. function

Neuro—motor none or no change | subjective mild objective objective paralysis
weakness; no weakness without | weakness with

objective findings | significant impairment of
: impairment of function
function

Neuro—cortical none mild somnolence | moderate severe coma, seizures, toxic
or agitation somnolence or somnolence, psychosis

agitation agitation, :
confusion,
disorientation, or
. hallucinations
Neuro—cerebellar | none shight intention tremor, | locomotor ataxia | cerebellar necrosis
incoordination dysmetria, slurred
, dysdiakokinesis speech, nystagmus
Neuro-—-mood no change mild anxiety or moderate anxiety | severe anxiety or | suicidal ideation
: depression or depression depression
Neuro—headache | none mild moderate or severe | unrelenting and —
but transient severe

Neuro— none or no change | mild moderate severe ileus .> 96 hours

constipation '

Neuro—hearing none or no change | asymptomatic, tinnitus hearing loss deafness not
hearing loss on interfering with correctable
audiometry only function but
' correctable with

hearing aid '
Neuro—vision noue or no change | — — symptomatic blindness
' subtotal loss of
vision
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APPENDIX I (Continued)

TOXICITY GRADE 0 GRADE 1 GRADE 2 GRADE 3 GRADE 4
(Adverse Event) (Mild) (Moderate) (Severe) (or Life
Threatening)
DERMATOLOGIC .
Skin none or no change | scatter macular or | scatter macular or generalized exfoliative
papular eruption | papular eruption symptomatic ‘dermatitis or
or erythema that is | or erythema with | macular, papular, | ulcerating dermatitis
asymptomatic pruritus or other or vesicular
associated eruption )
symptoms '
Palmar-Plantar no symptoms Mild erythema, Erythema, Blistering, Diffuse or local
Erythro- : . ' swelling, or desquamation, or | ulceration, or process causing
dysesthesia desquamation not | swelling swelling infectious
interfering with interfering with, | interfering with | complications, or a
daily activities. but not precluding, | walking or normal { bed ridden state or
normal physical daily activities; hospitalization.
activities; small cannot wear
blisters or regular clothing.
ulcerations less
than 2 cm in diam.
Allergy none transient rash, urticaria, drug serum sickness, anaphylaxis
drug fever < 38°C, | fever = 38°C, bronchospasm
100.4°F 100.4°F, mild requiring
bronchospasm parenteral
. medications
Alopecia no loss mild hair loss pronounced or — —
. total hair loss
METABOLIC
Hyperglycemia <116 - 116 - 160 161 - 250 251 - 500 > 500 or
i ‘ ketoacidosis
Hypoglycemia > 64 55-64 40-54 30 -39 <30
Amylase WNL <1.5xN 1.5-20xN 21-50xN >5.1xN
Hypercalcemia <10.6 10.6-11.5 11.6-12.5 12.6-13.5 >13.5
Hypocalcemia >8.4 84-78 77-7.0 6.9-6.1 <60
Hypomagnesemia |> 14 14-12 1.1-0.9 0.8-0.6 <05
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APPENDIX I (Continued)

TOXICITY GRADE 0 GRADE 1 GRADE 2 GRADE 3 - GRADE 4
(Adverse Event) Qvild) (Moderate) (Severe) (or Life
Threatening)

COAGULATION _
Fibrinogen WNL 0.99-0.75x N 0.74-0.50 xN 0:49-0.25 x N <024xN
Prothrombin time | WNL 1.01-1.25x N 1.26-1.50 x N 1.51-2.00 x N >2.00xN
Partial thrombo- | WNL 1.01-1.66 x N 167233 xN 2.34-3.00xN >3.00xN
plastin time : '
Hemorrhage none mild, no gross, 12 units | gross; 3-4 units massive, >4 units
(Clinical) : transfusion transfusion per transfusion per transfusion per

episode episode episode
Source (modified from): Natiopal Institute of Health, National Cancer Institute, Cancer Therapy Evaluation

Program, Bethesda, Maryland 20892 '
Chills (rigors) none any rigor, mild Tigors requiring rigors not —
' medication controlled by
medication
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Appendix II

DATA COLLECTION FORMS

Registration & Eligibility Checklist
VCC Confiomation of Registration
Adverse Event Report
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In Vivo Selection of Ligands for Targeted Therapy
Patient Registration Form (Page 1)

PLEASE PRINT

Surgeon Of Record:

Contact Person:

" Phone Number: : - FAX:

Patient Name:

Birth Date: ] / ~ Date of Diagnosis: / ' /

Signed Consent Attached? _ Yes - No

FAX BOTH REGISTRATION PAGES AND THE ENTIRE CONSENT FORM TO:
802-656-1987

PATIENT WILL NOT UNDERGO PROCEDURE UNLESS THIS SHEET IS FAXED
BACK TO YOU WITHASSIGNED ID NUMBER.

BELOW LINE FOR OPERATIONS CENTER USE ONLY

Assigned Patient ID Number:

Date of Registration: /. /
CHRMS #:

Registrar:
Checklist
Registration form legible and complete ___ Consent form is correct for study ____
Consent form legible and complete - Consent form has not expired
Eligibility criteria are all checked “Y”

VCC regpstration form submitted
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In Vivo Selection of Ligands for Targeted Therapy

Patient Registration Form (Page 2)

Eligibility Criteria

Patient Name: : Date of Birth: - =

1. The patient has metastatic or locally advance primary or recurrent
melanoma that is not considered curable by conventional therapy. Y N

2. 'The patient has superficial cancer nodules or mass amenable to

biopsy with minor surgery. Y . N __
3. The patient has a Kamofsky status > 70 and a life expectancy
> 4 months. Y = N __
4. The patient has undergone an mformed consent process. Y - N __
5. The patient is not pregnant. B Y__ N __
6. The patient does not have any other serious illness, other than |
that treated by this study Y__ 0N ___
7. The patient is 30 to 70 years of age. Y__ 0N ___
8. The patient has no evidenée of extensive pulmonary métastases. Y N _
9. The patient has no clinical symptoms suggestive of brain metastases. Y_ . N ___

All statements must be checked “Y” or “N/A” for entry into the trial.

Note: this sheet does not constitute source documentation. The above information must be included elsewhere in the patient’s
hospital chart in a recognized source document.

Signature of Physictan: __ Date:
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VCC CONFIRMATION OF REGiSTRATION

In Vivo Selection of Ligands for Targeted Therapy

Physician: .: ,

Pattent Name:

(Please print) Last First Middle
Hospital Chart #: Social Secunity #
Race: Sex: Male Female Date of Birth / /

(1-White, 2-Hispanic, 3-Black, 4-Oriental,
5-Native Hawaiian, 6-Native American, 7-Indian,
8-Filipino, 9-Other, 10-Patient refusal, 1-Institution
refusal, -1-unkown)

Method of Payment, Zip Code:
. (1-Prvate Insurance,2-Medicare, 3-Medicare

and private insurance, 4-Medicaid, 5-Medicaid and

Medicare, 6-Military or Veterans Administration

Sponsored, 7-Self Pay (no insurance), 8-No means of

payment (no insurance), -1-unknown)

Eligibility Criteria:- See protocol checklist -
Patient Eligible? (1-no; 2-yes, all requirements confirmed)

If assignment is necessary from VCC, please fax to Donna Silver 802-656-8788 to get registration.

If different levels list here as 1,2 3. Patient Study Number
Level Assigned
Date Regjstered
Registrar

VCC Regystration Form
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REPORT OF ADVERSE EVENTS AND/OR

UNANTICIPATED PROBLEMS :

All items on this form must be completed by the principal/ co-tnvestigator. Please attach any
- additional information. ' ' '

Submit completed form to: : | FOR VCC USE ONLY

Cancer Center Protocol Office ' Date of Notification »

27 Floor Medical Alumni Building : . Inital Contact / /-
Budington, VT 05405 _ FU Contact [
CHRMS #: PRINCIPAL INVESTIGATOR: David N. Krag, MD )
PROTOCOL NUMBER AND TITLE: In Vivo Selection of Ligands for Targeted Therapy =
Patient Identification Number: : - Date of event/ problem:

Brief description of event/problem (please do not indicate “see attached” as a response):

Did event/problem occur here? Yes No

Was event/problem related to protocol? Yes No Unsure
If yes, how?

Have there been similar events /problems reported here? Yes No
Elsewhere? Yes No

If yes to either, explain:

Was the protocol discontinued for this subject? Yes No - Unknown _

Was further treatment required? Yes No
If yes, explain: '

Does the protocol need to be modified as 2 result of this report? ‘Yes No
If yes, explain:

Does the consent form need to be modified as a result of this report? Yes ~ No
If yes, explain: '

Note: You should keep a copy of this completed form as this information must be included

in your summary of events/ problems encountered during the indicated time period
of your next continuing review.
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Chemistry, Manufacturing and Control Information

Safety: »

We do not expect the screening procedure to cause toxicity as bacteriophage have been injected
intravenously in humans and even neonates for over 30 years in approximately 3000 patients with
essentially no side effects. This is extensively reported in the literature >* > ” '3, Phage are
injected into humans IV routinely for analysis of antibody responses.

There has also been extensive use of over 250 strains of bacteriophage, including 39 which infect
Escherichia bacteria, which were administered orally or locally for treatment of infection'®".
Not only were “side effects” described as “extremely rare” (3 allergic responses out of 138, with
no prior endotoxin testing), the phage treatments were often effective in eliminating the bacterial
infection.

Bacteriophage are known to specifically infect only bacteria, and each bacteriophage strain infects
only a very narrow range of bacterial species. Therefore, the infection of eukaryotic cells by
bacteriophage is unlikely. One group has used filamentous phage to transfect DNA into
mammalian cells. Single-stranded DNA was ultimately expressed by the mammalian cells,
demonstrating that single-stranded DNA can be converted into double-stranded DNA inside
mammalian cells. However, the DNA that was expressed was DNA coding for mammalian
proteins, not phage proteins. (The DNA was packaged inside phage particles.) Importantly for
safety considerations, the phage particles did not transfect cells at all in the absence of transfection
agents such as DEAE-dextran or lipopolyamine, which would not be present in an in vivo
situation. Furthermore, these experiments looked at expression only at about one week after
transfection. Whether the expression was transient, or more permanent, suggesting incorporation
of the DNA into the host cell genome, was not addressed”> >, The presence of phage DNA in
monkey cells was examined following $X174 phage-injection (see Ochs IND, Appendix).
Several months after injection using a labeled DNA probe, no phage DNA was detected (albeit
PCR was not used). Presumably, incorporation of phage DNA into eukaryotic DNA can be
detected by PCR. While we have not performed PCR analysis in the present studies, we have
tissues stored for that purpose in the event that PCR analysis for phage DNA is judged to be
necessary.

Dr. Hans Ochs, an immunologist who is one of the pioneers of using phage $X174 injection for
human antibody response analysis, is a collaborator on this project. Dr. Ochs’ group has had an
IND from the FDA for over 20 years for this procedure and has extensive experience with IV
injections of bacteriophage in humans. He also has extensive experience with the immunological
consequences of intravenous administration of bacteriophage. IND information regarding these
studies and his letter of support are included in the Appendix. We will have his expertise available
to us for consultations on human phage injections, and he will provide us with his strain of phage
for library construction, if necessary. Not only has the work of Ochs and his colleagues been
documented for non-toxicity (see Appendix), their experiments give us an accurate estimate of the
time we have available to screen before we expect elimination of injected phage by the immune
system. Our library is constructed in a strain of bacteriophage different than the strain used for
antibody response analysis, although they both infect E. coli exclusively. Ochs uses a lytic
icosahedral bacteriophage strain, while our libraries are made with filamentous phage which do
not lyse the cells they infect. Filamentous phage injection is not likely to cause toxicity, as there
have been numerous reports of the injection of filamentous phage into mice for purposes such as
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hybridoma development. There are also several groups investigating the use of filamentous
phage particles as potential vaccine delivery agents, with numerous preliminary studies in mice.

At least one of these studies reports subcutaneous injection of a large number (6.7 X 10'%) of
phage particles. Although toxicity was not explicitly addressed’®, no toxicity was reported, and
the mice survived at least 3 to 4 days when they were sacrificed in order to harvest spleen cells for
hybridoma development. Additionally, all but one of the mice (n=31) injected with peptide-phage
in our mice toxicity studies survived to the experimental endpoint, either 3 days or 3 weeks. The
one mouse that did not survive probably died as a result of surgical/anesthesia complications. Our
phage will also bear peptides, which may present complications particularly after amplification
from tumor tissue, which will have normal tissue components. However, the absolute mass of
peptide we propose to inject will be extremely small, approximately 17 picograms to 17
nanograms. Nevertheless, the proposal has been designed to detect any possible toxicities caused
by these peptides. Most of the toxicity studies performed by our laboratory, as described in this
IND application, indicate that in vivo screening is quite safe, at least in mice. The only significant
pathology we detected washepatitis, found in 3 out of 31 livers (from phage-injected mice) that
were examined by the project pathologist. (See Section 8: Pharmacology and Toxicology). The
livers with hepatitis were all from the same cohort of FVB mice. No hepatitis was found in any
other strain. We suspect that these mice had hepatitis prior to injection with peptide-phage.
However, because there is no way to confirm this, we will monitor the liver function of patients
during Phase I trials.

" During the manufacturing of our peptide-phage, Triton X-114 is employed (using the method of
Aida and Pabst' to remove endotoxins. Aida et al showed that the amount of Triton X-114
remaining in the preparation is 0.018% which they found detrimental to the cellular activity of
neutrophils. Our preparation will be in a final volume of 20 ml. Prior to administration this will
be diluted in 250 ml of saline and infused over 10 minutes. (See clinical protocol.) This 13.5-
fold dilution will decrease Triton X-114 to 0.00133%. Assuming an average blood volume of 5
liters, the product will undergo another 20-fold dilution once it is in the bloodstream, or
0.00007%. Aida’s group showed only a slight decrease in neutrophil cellular activity with
0.002% Triton X-114. Our preparation, once in the blood stream, will be 28-fold more dilute.
Therefore, we feel this poses little risk to humans.

The peptide-phage that we will be using for Phase I clinical trials will be nearly identical to that
used in our animal studies. We will not need to use polyethylene glycol (PEG) a second time (see
details under Drug Product—Manufacturing). PEG is used to concentrate the material, but since
we will not have the volume restrictions we had with mice, the second PEG concentration will not
be necessary. Since our endotoxin testing has been done on phage preparations after two PEG
concentrations, we will (prior to injections into patients) test our product again without the
second PEG step to make certain that the second PEG step is not somehow necessary for
decreasing endotoxin content.

Drug Substance: Phage Displayed Random Peptide Libraries (RPL)

Physical, chemical or biological characteristics

The phage-displayed RPL which will be used in this study are made using filamentous phage.
Filamentous phage have been used routinely for many years now in the laboratory for cloning and
sequencing. The genomes of several strains of these phage (¢) were completely sequenced almost
20 years ago and were in fact, among the first complete genomes sequenced. They have been
completely characterized in that the function of all 11 genes are well understood.

Chemistry, Manufacturing and Control Information Page 2 of 9




The best characterized filamentous phage strains are M13, f1, and fd. The genomes of these three
phage strains are highly homologous (greater than 98% identical at the nucleotide level) and may
be regarded as identical for most purposes. We have constructed libraries in phage vector
systems derived from both fd and f1 strains of phage. The strain of filamentous phage used in the
studies described in this IND application is fd-tet, which allows infected bacteria to grow in the
presence of tetracycline. All filamentous phage infect only male E. coli strains as they enter the E.
coli cells via an F-pilus coded for by an F-plasmid. Because of this dependence on an F-pilus,
M13, f1, and fd are sometimes referred to as Ff phage.

Filamentous phage are long thin particles, approximately 6.5 nm in diameter and about 930 nm in
length. Genetically engineered particles can be longer. They are composed of a tubular, helical
array of approximately 2700 copies of the major coat protein (the product of gene VIII)
surrounding the single-stranded, covalently closed, circular DNA genome. The wild-type
genome is approximately 6400 bases. There are four minor coat proteins, several copies of two
of the minor coat proteins (pIII and pVI) are located at one end of the particle, while several
copies of the other two minor coat proteins (pVII and pIX) are located at the opposite end of the -
particle. In particular, the pIIl minor coat protein is often used in library construction to display
peptides or proteins from its N-terminus, which is exposed to the environment outside the
particle. There are 3-5 copies of pIlII located at one end of the phage particle. The normal
function of pIIl, also called the “pilot” protein, is to bind to the end of the bacterial F-pilus as the
first step of infection into the host cell. The major coat protein, pVIIL, is also commonly used in
the construction of phage-displayed libraries. The libraries used in these studies were constructed
in a pIII system.

A quantity of 0.67 x 10 "' Ff particles weighs about 1 ug. This is about two-thirds the density of
$X174 phage particles (1 x 10" virions in 1 ug). Approximately 1 mg of DNA is present in 2 x
10" virions. There is about six times more viral protein than viral DNA by mass.

Filamentous phage particles bind to the pili of male strains of E. coli and are retracted into the
cell. Once inside the cell, the protein coat is released from the single stranded covalently closed
circular phage DNA molecule. The single-stranded molecule is converted by host enzymes into a
double-stranded form called the replicative form (RF). The RF multiplies like a plasmid to a low
copy number inside the E. coli cell. About ten minutes after infection, copies of single-stranded
DNA are produced from the RF DNA, and coat proteins (coded by phage DNA) are produced
and assemble at the E. coli cell membrane. The single-stranded DNA molecules are secreted
through the membrane and are coated by the coat proteins as they pass through the membrane, to
form intact phage particles, which are secreted into the media. Infected cells grow more slowly
than wild-type bacteria, but are not killed by the infection and secretion process. Phage that
display peptides on the gene III coat proteins are, in general, just as capable of infection and
amplification in E. coli as wild-type phage. Even large proteins such as single chain antibodies
can be displayed by phage without appreciably affecting their ability to infect and multiply.

The libraries we have constructed display peptides from 11-22 amino acids in length. Most

libraries have cysteines placed in the displayed peptides to enable formation of a loop of 8-12
amino acids. Our libraries contain 2 x 10 to 10 x 10" different peptides.
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Name and address of manufacturer

David Krag, MD
University of Vermont
Given E-309

Burlington, Vermont 05405
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Method of preparation

The library was constructed to contain a variable 9-amino acid peptide flanked by cysteine
residues inserted into the Gene III protein of the phage fUSE5® ' The phage were quantified by
titering (refer to Appendix for Phage Titering Protocol).

Random peptide phage-display technology

This technology consists of the construction of huge libraries of peptides displayed on phage particles (libraries constructed in our laboratory
contain 2x107 to 1x10'° different peptide-phage clones). These libraries are a rich source of small peptide ligands. Peptide ligands to a
wide variety of targets can be identified by a simple affinity selection (screening) procedure.

Construction of phage-displayed peptide libraries

Coat protein gene

Random synthetic oligo e
|

-

Phage vector

1. Digest vector and ligate

-

2. Electroporate ligation
into E. coli cells

3. Transformed E. coli cells
secrete peptide-phage particles
into the media

Y

B =)

4. Each peptide-phage particle displays
3-5 copies of a particular peptide on its surface

Screening phage-displayed libraries

. Bind target to a matrix.
. Incubate peptide-phage library with target.
. Wash away non-binding peptide-phage.
. Elute peptide-phage which bind.
. Amplify binding peptide-phage in E. coli cells.
. Sequence DNA of binding clones to deduce the
amino acid sequence of the binding peptides.
. Analyse amino acid sequences of clones for consensus sequences.
. Design biased libraries based on the consensus to obtain tighter binders.

Electron micrograph of
hage (filaments) binding
o target (beads)




Acceptable limits and analytical methods to assure identitiy, strength and quality

Phage are identified by detection of colonies growing on Luria-Bertani media (LB) agar, pH 7.0,
supplemented with tetracycline at a concentration of 40 pg/ml. Because the vector used to
construct the libraries has a tet-resistant gene and filamentous phage do not lyse the host
bacterium, one colony represents one infectious phage particle or transducing unit (TU).

In the phage-display system we used for the present studies (fUSE 5, George Smith), only about 1
in 20 phage actually infect E. coli °.

The quality of the phage is assured by sequencing the DNA. DNA sequencing determines the
percent of phage with the correct insert.

Stability of substance

Phage particles are stable and infective for years when stored at 4°C. However the stability of the
peptides displayed on the phage particles unknown and is likely to vary from peptide to peptide.
(We have preliminary data on one peptide showing stability to 3 weeks.) The substance will be
stored at 4°C prior to use in patients and will be used as soon as possible following the
preparation of the peptide library.

Drug Product:

Components used in manufacture

The following components are used in the production of our peptide-phage. (Please refer to the
Appendix for a more detailed description.) While all of these components are used in the
production, the primary components, (used for diluting the product throughout the production)
are PBS and DPBS, pH 7.3.

2xYT Media

DPBS (Dulbecco’s Phosphate Buffered Saline), pH 7.3, Sigma Product Number: D 8537
EPI (Eukaryotic Protease Inhibitors), Sigma Product Number: P 8340

PBS (Phosphate Buffered Saline), pH 7.3

PEG (Polyethylene Glycol in Sodium Chloride)

PPI (Prokaryotic Protease Inhibitors), Sigma Product Number: P 8465

Triton X-114 (Octylphenoxypolyethoxyethanol)

Name and address of manufacturer
David Krag, MD
University of Vermont
Given E-309
Burlington, Vermont 05405

Product preparation

Filamentous peptide-phage are prepared from E. coli cultures grown overnight on 2xYT media
agar plates (see Reagents Used in Peptide-Phage Production in the Appendix). The phage
particles are resuspended in phosphate buffered saline with prokaryotic protease inhibitors (PBS-
PPI) by “sweeping” the agar with an angled glass rod. The phage suspension is centrifuged twice
to remove bacterial cells and filtered with a 0.22 um polyethersulfone membrane to completely
remove any remaining E. coli cells. The phage are concentrated by precipitation with
polyethylene glycol (PEG). The resulting pellet is resuspended in fresh PBS-PPI and the phage
suspension is passed through a 0.45 um cellulose acetate filter. (Refer to Phage Amplification
and Harvesting Protocol in the Appenix for further details.) Endotoxins are removed from the
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preparation by performing three 1% (v/v) Triton X-114 extractions. The phage are concentrated
with PEG again and the resulting pellet is resuspended in PBS-PPI. The phage suspension is
shaken 10 min at 200 rpm on ice, followed by centrifugation. The supernatant containing the
peptide-phage is passed through a 0.45 um cellulose acetate filter, followed by passage through a
pyrogen-free 0.2 pm cellulose acetate filter to sterilize the preparation. (Refer to Appendix for
Endotoxin Purification Procedure.)

According to FDA guidelines, establishment of the sterility of any preparation to be injected into
humans must be performed by inoculation of the product into Fluid Thioglycollate Media and
Tryptic Soy Broth. We have performed these sterility tests exactly as described in the Code of
Federal Regulations (21CFR610.12) on representative preparations. These tests have confirmed
the sterility of our preparations, as expected after filtration through a pyrogen-free 0.2 um
cellulose acetate filter.

Although the sterilization filtration technique takes only a minute, the FDA guidelines for
asserting sterility takes 14 days. This 14 day waiting period is not compatible with the screening
experiments we have proposed for 2 reasons:

A) In our experience and judgement, when performing phage-display RPL screening, it is
optimal to prepare a fresh batch of a phage-displayed library to optimize complexity of libraries,
as some of the displayed peptides within the library may be more susceptible to degradation than
other peptides. Ideally we would like to be able to establish proof of sterility, lack of endotoxins,
and any other parameters necessary, within a few hours. It is possible that some of these
difficulties may be avoided by freezing peptide-phage preparations. However, the freezing
process may also compromise the stability of the peptides and therefore, the complexity of the
libraries. It is possible that all the peptides which may bind to tumor targets may be stable for 14
days. This may be elucidated as the study progresses. Furthermore, freezing or other storage
methods which would avoid peptide degradation for 14 days, will not address the problem raised
in point B below.

It may be possible to establish a large batch of libraries used for initial screenings only if a
storage method which allows the displayed peptides to retain their tumor binding activity can be
developed. '

B) To perform 3 screens in one person, the screens will probably need to be performed in
about 7 days, in order to avoid rejection of phage by the immune system, as a detectable IgM
response to injected phage typically begins to develop in humans in about 7 days. (Ochs’ IND,
Appendix). Serial screening in one person may be the most optimal way to identify tumor-homing
peptides, and may well be the only way to identify tumor-specific targets which are individual to a
given patient. Therefore, to perform three screens in one patient, a 14 day waiting period for
results of sterility testing will probably not be possible.

Endotoxin testing

We have become expert in conducting the Limulus Amebocyte Lysate (LAL) gel clot assay
(Charles River Endosafe) for the presence of endotoxins, and in utilizing the meticulous
techniques necessary to keep reagents endotoxin-free. All reagents and liquid handling materials
must be endotoxin-free. While it is usually easier to purchase items, especially plasticware,
certified endotoxin-free, it is possible to destroy endotoxins on glassware and metal by

. autoclaving, followed by dry heat at 210°C for 3 hours. As per discussions with Stephanie Simek
of the FDA, the maximum amount of endotoxin allowed in a substance that will be injected IV
into humans is 10 endotoxin units (EU) per kg of patient weight per day. Using a LAL reagent

Chemistry, Manufacturing and Control Information Page 7 of 9




with a sensitivity of 0.25 EU/ml, we determined that our initial preparations contain roughly 10°
times more endotoxin than is permissible. Using the Triton X-114 extractions mentioned above,
we have decreased the amount of endotoxins in our phage preparations to FDA permissible
levels. (see below for data)

Results from LAL endotoxin testing can be obtained in about one hour, and so does not have the
same difficulties regarding testing time as with sterility testing.

Additionally, we have performed a LAL gel clot assay according to the manufacturer’s
instructions to check for interfering substances in our preparation that might inhibit the gel clot
reaction. We found no evidence of interference, as shown below.

Test for Product Inhibition Using Charles River Endosafe Assay

From Endosafe insert: “The easiest method to determine the non-inhibitory product
concentration is to prepare a series of increasing dilutions of the product containing a

2. endotoxin concentration. Assay this series as well as a series of the product diluted with
water.”

04/21/00 LAL Assay for Product Inhibition (A =0.25 EU/ml)

Tube# Endotoxin Standards in LAL Reagent Water Results
1 0.0625 EU/ml -
2 0.125 -
3 025 (A -
4 05 (20 +

Phage (from 4/3/00 input) and 21 Endotoxin

5 1:4 in LAL reagent water +
6 1:10 +
7 1:20 +
8 1:40 +
9 1:100 +
Phage alone (from 4/3/00 input)
10 1:4 in LAL reagent water +
11 1:10 +
12 1:20 +
13 1:40 -
14 1:100 -
Tap Water (positive control)
15 neat +

Results show no inhibition of the endotoxin test by the phage preparation as demonstrated by the
positive results in sample tubes 8-9 (1:40 and 1:100 dilutions of sample) that were spiked with22,
of endotoxin vs. the negative results in tubes 13-14 (1:40 and 1:100 dilutions of sample
respectively) that were not spiked.

Additionally, the “phage alone” is shown to be <0.5 EU/ml at a 1:40 dilution.
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Final volume of phage prep on 4/3/00 was 2.5 ml. If FDA endotoxin limit=10 EU/kg/day, then
the limit for an average 70 kg individual = 700 EU/day. :

700 EU =280 EU/ml limit
2.5 ml

Product was positive for endotoxin between 1:20 and 1:40 dilution, or 10-20 EU/ml (based on
0.5 EU/ml positive standard), well within FDA limits, even for lighter weight patients.

Particle characterization
In our pre-IND conference call with the FDA, we discussed whether we need to characterize our
peptide-phage for particle size and homogeneity, and is so, how. This has not yet been resolved.

Placebo
No placebos are planned for phase I trials.

Labeling for Drug Product*

Study ID #:

Name of Patient:

MRN:

Substance: Peptide-Phage
Lot #:

Transducing Units:
Dose #:

Caution:
New Drug — Limited by Federal (or United States)
law to investigational use.

* Not actual size

Exclusion from Environmental Assessment

We claim categorical exclusion (under 21 CFR 25.31[e}]) for the studies under this IND. To our
knowledge, no extraordinary circumstances exist.
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Pharmacology and Toxicology Information

¢ Individuals evaluating safety of drug product
Dr. David Krag, oncological surgeon
David Krag, MD has extensive experience with both laboratory and clinical oncology
research. He is the PI for a large clinical trial currently underway (anticipated accrual 5200
patients). He also has extensive experience with administration of biological agents in the
form of radiolabeled antibodies. He has also developed technology for administration of
lymph node targeting agents which involved injection of a variety of radiopharmaceuticals.
He is skilled at the detection and management of any potential side effect.

Dr. Donald Weaver, project pathologist ®
Donald L. Weaver, MD, is an Associate Professor of Pathology in the College of
Medicine at the University of Vermont and a Board Certified Pathologist practicing
surgical pathology at Fletcher Allen Health Care, the University's affiliated teaching
hospital. Dr. Weaver's primary practice interest is in Breast Pathology; however, in his
surgical pathology practice he is exposed to a broad variety of pathology from all sites of
the human body. Although not a veterinary pathologist, Dr. Weaver has occasionally
reviewed histologic sections of research animals for other University faculty and reviewed
diagnostic veterinary biopsies from tumors and masses in domestic pets, usually cats or
dogs, for diagnosis of malignancy. Dr. Weaver's research interest is in Breast Cancer
prognosis and predictors of therapeutic response.

e Where studies were done
The following portions of the study were performed in the Vermont Cancer Center at the
University of Vermont College of Medicine: phage amplification; mice injections, surgery
and organ harvests; phage titering; and DNA sequencing work. Slides for histology were
prepared in the Histology Department of Fletcher Allen Health Care (FAHC), Burlington,
Vermont, a hospital affiliated with the University of Vermont College of Medicine, and
read at the University of Vermont.

® Record storage
All toxicology records are stored in Dr. Krag’s laboratory, room E310 Given Building at
the University of Vermont. Surgical reports and anesthesia records are stored in The
Office of Animal Care, Given Building, University of Vermont.

Pharmacology and drug disposition

¢ Pharmacological effects and mechanisms of action in animals
We do not anticipate that there will be a direct pharmacological effect caused by in vivo
screening with random peptide phage-displayed libraries. The screening process is not a
“drug” per se, but rather, a method of identifying promising new cancer therapeutics.
Data from studies involving the injection of phage into humans by Dr. Ochs’ group and
Slopek et al'*®, as well as our own data presented here from studies in mice, suggest that
the pharmacological effects of the IV injection of the peptide-phage particles themselves
will be minimal. The desired effect of the injections is a non-pharmacological one: to
elute from tumor biopsies peptide-phage which bear peptides that bind specifically to
tumor tissue.
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Arap et al (see Appendix) have performed RPL in vivo screening experiments in mice with
tumors, and have identified peptides which home specifically to tumor tissue. (They have
also used this technique to identify small peptides which home specifically to 15 different
normal organs®. Also refer to Rajotte et al in Appendix.) When the tumor-homing

. peptides were conjugated to-doxorubicin (a chemotherapeutic used commonly to treat
metastatic breast cancer), human breast cancer tumors growing in mice were eliminated
extremely effectively with greatly lowered doxorubicin toxicity and impressive survival
results. The ultimate goal of performing similar in vivo screening in humans is to achieve
the same result: to identify peptides which home specifically to human tumors, which,
when conjugated to a cytotoxic drug, will allow much more tumor-specific and non-toxic
treatment of metastatic cancer. Present treatments are often ineffective and dangerously
toxic to normal tissue. The ability to create cytotoxic drugs which home specifically to
tumors, using homing peptides identified by in vivo screening, has the potential of
revolutionizing the treatment of metastatic cancer.

|
|
|
|
|
|
|
i
Therefore, while the screening process itself, as described in this IND application, is not

| anticipated to have pharmacological effects, the final drug product resulting from in vivo
RPL screening will specifically destroy or inhibit the growth of tumor cells in cancer
patients. ,

The mechanism of action of the in vivo screening process is affinity enrichment, similar to
mechanisms used by the immune system for B-cell and T-cell amplification of antigen
binding clones. Millions or even billions of different peptides, displayed on phage
particles, are injected directly into the bloodstream, and allowed to circulate throughout
the organism. Phage which bear peptides which bind specifically to molecular targets

. located on tumor cells, or on endothelial cells of blood vessels specifically supplying
tumor, will bind to those targets. The tumor is biopsied, phage present non-specifically
are washed away, and the specific binding phage are eluted, amplified, and subjected to
DNA analysis to determine the amino acid sequence of the binding peptide. Such peptides
are potential tumor-homing peptides, which may allow specific delivery of cytotoxic
agents to tumors. '

The mechanism of action of the final peptide-cytotoxic agent conjugate would be specific
delivery to the tumor via the tumor-homing peptide moiety. Cell-killing or growth
inhibition, presumably, would be effected by the same mechanism utililized by the
cytotoxic agent alone.

¢ Info on absorption, distribution, metabolism and excretion if known
Although we can’t entirely exclude a renal mechanism for excretion; the evidence, based
on IHC results indicating the presence of phage particles in spleen and the Kupffer cells of
the liver, supports clearance through the monocyte phagocytic system (MPS). Evidence
of phage in feces would indicate hepatic involvement in clearance. Yip et al found phage
in feces by immunohistochemistry 72 hours after injection of phage displaying Fab
fragments (see Appendix). Our laboratory titered feces 3 weeks following phage
injection and found no evidence of phage.
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Toxicology Integrated Summary

Four in vivo studies (Study I-IV) were designed and implemented to assess the toxicity of phage
random peptide library (RPL) screening in 2 mouse model. The toxicity studies were designed to
mimic as closely as possible the scheme that will be used in phase I clinical trials. A total of 31
mice were injected with 3 different preparations of peptide phage (naive peptide-phage, peptide-
phage amplified once from tumor (¢ Amp1x ), or phage amplified twice from tumor (¢ Amp2x)),
and were monitored daily for three days or three weeks after phage injection for signs of toxicity.
The FDA has suggested that 3 day and 3 week timepoints for organ harvest would allow us to
evaluate both acute and chronic toxicity of peptide-phage injections. (See individual study
sections for details.) At the end point of each study, 10 organs were harvested from each mouse
and subjected to three analyses: hematoxylin & eosin staining (H&E) to assess pathology;
immunohistochemistry (IHC) to look for the presence of phage particles (or at least intact phage
coat proteins), which are not necessarily infective; and phage titering to determine the number of
infective phage remaining. A brief description of each study follows. Complete details for each
study may be found within each study section.

e Study I was designed to assess toxicity in mice, either 3 days or 3 weeks, following a
single IV injection of naive peptide-phage. This study will evaluate whether any
toxicity will result from IV injection of phage particles. The number of each peptide
present at this stage (approximately 20 picograms) is so small that any toxicity which
might result would most certainly be caused by the phage particles alone. (Refer to
Diagram of Study Design: Study I in Study I section.)

e Study II was designed to assess toxicity in mice following a single injection of phage
amplified from tumor. This study will evaluate whether any toxicity will result from
peptide-phage particles enriched for tumor binding. Specifically, IV injection of two
types of peptide-phage will be evaluated: peptide-phage amplified from an in vivo
tumor once; and peptide-phage passaged through in vivo tumors twice. This study
will determine whether the peptides displayed on phage which have been
passaged/enriched through an intact organism and its tumors, can cause toxicity not
caused by the phage particles alone. The study will attempt to answer the following
question: will peptide-phage amplified from host tissue be enriched for peptides that
bind to normal host tissue in such a manner to cause toxicity? (Refer to Diagram of
Study Design: Study II in Study II section.)

e Study III was designed to study toxicity in mice following three sequential IV
injections of three different peptide-phage preparations: naive peptide-phage library,
peptide-phage amplified from a tumor in another mouse (¢ Amp1x) and @ Amplx
passaged again through a second tumor (¢ Amp2x). (Refer to Diagram of Study
Design: Study III in Study III section.)

e Study IV was designed to study toxicity in tumor bearing mice following three
sequential IV injections of three different phage preparations in the same mouse:
(1)naive library, (2)phage amplified from a tumor excised from the same animal (¢
Amplx) after injection of naive peptide-phage library, and (3)phage amplified from a
second tumor excised from the same animal (¢ Amp2x) after injection of ¢ Amplx.
Each injection occurred on separate days, in the order listed, followed 10 minutes later
by excision of tumor. (Refer to Diagram of Study Design: Study IV in Study IV

Pharmacology and Toxicology Information Pége 3 of 62




section.) The purpose of Study IV is to carry out in vivo screening in animals using a
protocol which is nearly identical to the planned clinical protocol. Study IV examines
the toxicity of the complete in vivo screening clinical protocol and also begins to
examine efficacy, by determining whether the procedure can enrich for certain phage-
displayed peptides, some of which may bind specifically to tumor tissue.

Three strains of mice (acquired from Jackson Labs in Bar Harbor, Maine) were used for the four
toxicity studies described above: FVB, BalbC, and MRL/MpJ-fas pr(MRL) The FVB and BalbC
mice are normal strains that have intact immune systems. However, the MRL mice develop
massive lymph node enlargement, or lymphoproliferative disease, beginning around 8 weeks of
age. Because their lymph nodes become markedly enlarged (tumors) these mice were chosen to
provide us with tumors targets for our in vivo screening. While these mice have the advantage of
producing tumors for screening, they have the disadvantage of dying rather early (and somewhat
unpredictably, 3-5 months in our experience) compared to other strains of mice. Therefore, it was
difficult to maintain a group of MRL mice that had enough tumors for our studies yet were
healthy enough to survive 3 surgeries and live to the 3-week endpoint (as in Study IV).

Overall findings: (Please refer to individual Study sections for complete detail.)

Survival: Of the 31 phage-injected mice in our studies, all but one survived to the endpoint.
One of three surgical mice (#3), died while under general anesthesia following the removal of
tumor during the second surgery. (Refer to the Appendix for Survival Surgery Protocol.)
Note that there were 32 planned phage-injected mice. However, one of these (see Study IT)
died in a restraint while preparing the animal for injection.

Gross appearance: All non-surgical mice, except for the one that died in the restraint,
(n=28) appeared normal for the study duration as observed by activity level, appearance of
coat, and posture. The mice that had surgeries to remove tumors (n=3) were somewhat less
active the first day or two following each surgery. As discussed above, surgical mouse #3 died
during the second surgery, therefore there are limited observations for this animal. (Refer to
Study IV for more information.) Additionally, the surgical mice chewed and pulled their
sutures; Mouse #2 removed its sutures to the point of opening an incision. The incision was
cleaned and antibiotic ointment applied daily until the wound healed. Surgical mice (#1 and
#2), which were subjected to a complete phage screening, similar to the clinical protocol
except with more extensive surgery and anesthesia, progressed well to the end of the study.

Weights: Mice were weighed daily, with the exception of some weekend measurements that
are noted in the study sections. While we have not performed a statistical analysis of the data,
generally the mice appear to have either maintained or gained weight (apparently, compared
to controls, consistent with normal growth) throughout the course of each study with the
following exceptions. One of the two groups of mice in Study II (mice injected with ¢
Amp1x) dropped an average of 9.1% (n=7) of their body weight on the day following
injection with phage, but recovered from this weight drop by the following day. The surgical
mice (Study IV) dropped about 8% of their body weight in the days immediately following
surgeries and stabilized. This is not surprising in light of the fact that they underwent general
anesthesia 2-3 times, in a short period of time, and had large tumors removed that accounted
for up to 3% of the their body weight over the course of 3 surgeries. For example, Surgery
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Mouse #2 weighed 47.6 g on the first day of surgery, and had 3 tumors removed in 5 days
weighing 600 mg, 403.6 mg, and 431.8 mg respectively.

Phage titers: Phage titers were performed to determine the number of infective phage
present in tissues. On the day of harvest, tissues samples from each of 9 organs and in some
cases blood, were collected. The tissues were weighed prior to being homogenized and
incubated with E. coli for titering. (The titering procedure is described in detail in the
Appendix.)

One group of mice tissues (in Study IT) were titered at three days. Of these, all blood and tissues

were positive for infective phage except for negative blood and liver of mouse #3, and
negative spleen of mouse #2. Three weeks following phage injection, regardless of preparation

(naive, @ Amplx, or ¢ Amp2x) all tissues were negative for infective phage in all non-surgical
mice.

Of the two surgical mice that survived to the 3-week endpoint,v one was injected with phage

immediately before euthanasia for reasons detailed in Study IV, therefore the tissues were, as
expected, positive for phage. Infective phage were found in all but the tumor tissue of the

remaining surgery mouse (#2) at 3 weeks, although less than the amount of phage detected in
tissues titered at 3 days.

Summary of Phage Titer Results!

Study 3 Day Harvest 3 Week Harvest
I ND* -

1| +3 -

I ND -

v ND 44

'+/- denotes presence/absence of infective phage

*Not done

3 All tissues positive except for: mouse #3 blood and liver, and mouse #2 spleen

“All tissues of surgical mouse #2 positive for phage except tumor
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e IHC: Slides for IHC were prepared by the Histology Department at FAHC according to their
protocol (see Appendix) using rabbit anti-M13 primary antibody (Sigma B7786, lot
. 038HA4885) at a concentration of 0.73 ug/ml, a 1:10,000 dilution of the stock provided by our
laboratory. Most tissues were negative for phage particles at three weeks. See table below.

Summary of IHC Results!
Study 3 Day Harvest 3 Week Harvest
I : ¥ , -
(n=4) (n=4)
II ¢ Amplx - -
(n=3) - (n=4)
¢ Amp2x -+ ‘ -1+
(n=4) (n=4)
11 ND* -
(n=6)
v ND* -/+°
(n=2)
. 1Staining is graded using a -to +++ scale for immunoreaétivity.
2Spleens had trace/+ staining. All other tissues were negative.

*Livers of 3 out of 4 mice had + staining.
Spleens of 2 out of 4 mice had +/++ staining.
One lymph node had ++ staining.
One kidney had +/++ staining.
All other tissues were negative.
“Not done, by design.
*One liver and one lymph node had + staining. All other tissues were negative.
6 p1y . .
All tissues negative for mouse #2.
+/++ staining in all mouse #1 tissues following injection with peptide-phage. See Study IV for details.

!
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H&E: All tissues in all studies were found to be of normal histology for the given strain
except for 3 out of 4 FVB livers in Study I. The project pathologist found some histological
differences inherent to the strain of mouse after looking at control animals. Specifically,
MRL mice typically have: (1)enlarged lymph nodes, (2)enlarged spleens with markedly
expanded white pulp with lymphoproliferative disorder, and (3)glomerulonephritis in the
kidney. BalbCs also had a strain specific pathology in that they typically have steatosis of the
liver. This was substantiated by looking at a control (no injections of any kind) BalbC liver.
Therefore, we have qualified our pathology results by referring to data as “normal for the
given strain” throughout the body of this document. Additionally, it is normal for mice in
general to have spleens with extramedullary hematopoiesis.

Summary of H&E Results!
Study 3 Day Harvest ) 3 Week Harvest
I NL NL
(n=5) (n=5)
II ¢ Amplx NL NL
_ (n=3) : (n=4)
¢ Amp2x 2 livers with hepatitis, 1 liver with hepatitis,
remaining tissues NL remaining tissues NL
(n=4) (n=4)
11 ND’ NL
(n=6)
v ND’ NL
(n=2)

'NL denotes normal histology for the strain
*Not done, by design.
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The data summarized above accurately reflects the animal toxicology data from the
completed studies.

SIGNATURE OF INDIVIDUALS WHO EVALUATED ANIMAL SAFETY DATA

7 . d /%_h ¢/5/00

David Krag Date
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Study I

Toxicity Study in Mice Following One Injection of Naive Library
Peptide-Phage

Diagram of Study Design: Study I

Naive peptide-phage

4FVBs, 4 BalbCs

/

2FVBs, 2BalbCs:
10 organs harvested
at 3 days

2FVBs, 2BalbCs:

10 organs harvested
Phage titer THC H&E at 3 weeks

N

Phage titer IHC H&E

Table of Study Design: Study I

Peptide-Phage Organ Harvest Organ Harvest
Strain Injection at 3 Days at 3 Weeks
FVB +
FVB
FVB(control)
BalbC
BalbC
FVB
FVB
FVB(control)
BalbC
BalbC

£
&
L T L
R R
P

Pharmacology and Toxicology Information Page 9 of 62




Methods: Study I

Eight mice (4 FVBs, 4 BalbCs) were injected IV via the tail vein on 8/9/99 with a single dose
of naive library phage. Two additional mice (FVB) were injected with saline IV via the tail
to serve as controls.

Mice were monitored daily after peptide-phage injection until organ harvesting. During the
monitoring period, mice were weighed and observed for signs of toxicity.

Two mice of each strain were euthanized for organ harvest at 3 days (to assess acute toxicity).
The remaining 2 mice of each strain were euthanized for organ harvest at 3 weeks (to assess
chronic toxicity). Immediately following euthanasia, samples from ten organs (brain,
diaphragm, heart, kidney, lung, bone marrow, lymph node, spleen, testis/uterus, and liver)
were harvested, placed in buffered formalin, and sent to FAHC Histology for processing,
H&E staining, and THC staining. All slides were subsequently read by the project pathologist.
Note that “gonad” is used throughout the body of this document to indicate testis or uterus.
The same tissues were also collected (all but marrow, due to sample size limitations) and
processed for phage titering, future PCR and confocal analysis. Blood was also collected and
titered for phage at this time.

Summary of Results: Study I

Survival: All mice survived to end point.

Gross appearance: Activity, behavior, and appearance were observed to be normal in all
mice for the duration of the study.

Weights: All mouse weights appeared to be stable throughout the study. Measurements
were not collected for weekend timepoints.

Phage Titers: All tissue and blood titers for infective phage were negative at three weeks.
The three day results were not obtained due to experimental error.

IHC: Most tissues were negative for immunoreactivity, indicating the absence of phage
particles. The only tissue positive for phage staining were the spleens of mice euthanized
three days after peptide-phage injection. ‘

H&E: All tissues, both those harvested 3 days and 3 weeks following injection of naive
peptide phage, were determined to have normal histology.
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. Phage Titer Results: Study I'

3 Weeks After Naive Peptide-Phage Injection

Mouse 6 7 8’ 9 10

Tissue

Blood - - - - -
Liver - - - -
Spleen - - - - -
Lymph node - - - - -
Gonads - - - - -
Heart - - - - -
Lung - - - - -
Kidney - - - - -
Brain - - - - - -
Diaphragm - - - - -

L4/- denotes the presence/absence of infective phage in the tissue.
2Control mouse injected with saline only.
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IHC Results: Study I'

3-Days After Naive 3 Weeks After Naive
Peptide-Phage Injection Peptide-Phage Injection
Mouse 1 2 3?4 5 6 7 8 9
Tissue
Liver - - - - - - - - -
Spleen + +* - trace’®  + - - - -
Lymphnode NA® NA® NA® - NAS - NAS7 NA% NA®
Gonads - - - - - - - NA® -
Heart - - - - - - - - -
Lung - - - - - - - - -
Bone marrow - - - - - - - - -
Kidney - - - - - - - - -
Brain - - - - - - - NA® -
Diaphragm - - - - - - - NAY -

"Note a scale of - to +++ used to grade staining.

2Control mouse injected with saline only.

3+ focal staining in macrophages, only 2 isolated foci, white pulp in germinal centers/lymphocytes and
macrophages.

*+ staining in lymphocytes of white pulp.

STrace staining of germinal centers of lymphocytes.

SNot available. No lymph node tissue obtained. Normal lymph node is very small and often difficult to identify
during harvest.

"Not available, only pancreas on slide.

¥Not available, no testes on slide, only spermatic cord with negatlve staining.

Not available, no brain on slide, only salivary gland with negative staining.

19\jot available, no diaphragm on slide, only fatty connective tissue with negative staining.
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- H&E Results: Study I

3-Days After Naive ' 3 Weeks After Naive
Peptide-Phage Injection Peptide-Phage Injection
Mouse 1 2 3! 4 5 6 7 8! 9 10
Tissue
Liver NL2> NL NL NL NL NL NL NL NL NL
Spleen NL NL NL NL NL NL NL NL NL NL
Lymphnode NA® NA® NA® NL NA»* NL NA* NA** NA** NA*?
Gonads NL NL NL NL NL NL NL NA* NL NL
Heart NL NL NL NL NL NL NL NL NL NL
Lung NL NL NL NL NL NL NL NL NL NL
Bonemarrow NL. NA’° NL NL NL NL NA* NL NL NL
Kidney NL NL NL NL NL NL NL NL NL NL
Brain NL NL NL NL NL NL NL NA* NL NL
Diaphragm  NL NL NL NL NL NL NL ©NA” NL NL°

1 Control mouse injected with saline only.

2NL denotes normal histology for the strain. See explanation in Integrated Summary.

3Not available. No lymph node tissue obtained. Normal lymph node is very small and often difficult to identify
during harvest.

“Not available. Only pancreas on slide.

SNot available. Insufficient sample obtained at time of harvest. Only enough obtained for IHC.

Not available. No brain on slide, only salivary gland.

"Not available. Only fatty connective tissue found on slide.

¥Not available. Only spermatic cord found on slide.
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Study II
Toxicity Study in Mice Following One Injection of Phage Amplified
From Tumor

Diagram of Design: Study II

Naive peptide-phage library

Tumor-bearing MRL
4 FVBs, 4 MRLs

Excise tumor 1 and —— g @Amplx Day3

amplify peptitde-phage

Harvest organs:
2 FVBs, 2 MRLs at 3 Days
2 FVBs, 2 MRLs at 3 Weeks

Day 3

I

Phage titer IHC H&E

Same tumor-bearing MRL

l 4 FVBs, 4 MRLs

) Day 5
Exglse tumor2and ___ o @Amp2x —»
amplify peptide-phage

Harvest organs:
2 FVBs, 2 MRLs at 3 Days
2 FVBs, 2 MRLs at 3 Weeks

o

Phage titer IHC H&E
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Table of Study Design: Study 11

Organ Harvest Organ Harvest
Mouse Strain ¢ Amplx at 3 Days at 3 Weeks
1 FVB + X
2 FVB + X
3 MRL + X
4 MRL + X
5 FVB + X
6 FVB + X
7 MRL + X
8 MRL + X
Organ Harvest Organ Harvest
Mouse Strain @ Amp2x at 3 Days at 3 Weeks
9 MRL + X
10 MRL + X
11 FVB + X
12 FVB + X
13 MRL + X
14 MRL + X
15 FVB + X
16 FVB + X

Methods: Study I1

On 2/2/00, seven mice (3 FVB, 4 MRL) were injected via the tail vein with 6.4 x 10® pAmplx
in a volume of 250 ul PBS. ¢ Amp1x = peptide-phage amplified from tumor 1 excised from
Survival Surgery Mouse #2 on 1/31/00. (See Study IV for details on survival surgery mice.)
Note that 4 FVB mice were to be injected however, one died in the restraint prior to injection
and there were no more mice of this strain on hand to replace the animal in the group.

On 2/4/00, eight mice (4FVB, 4 MRL) were injected via the tail vein with 8.2 x 10" 9 Amp2x
in a volume of 245 ul PBS. g Amp2x = peptide-phage amplified from tumor 2 excised from
Survival Surgery Mouse #2 on 2/2/00. (Refer to Study IV for details on survival surgery
mice.)

Mice were monitored daily after peptide-phage injection until organ harvesting. During the
monitoring period, mice were weighed and observed for signs of toxicity.

Two mice of each strain, from each group (pAmplx and ¢ Amp2x-injected mice) were
euthanized for organ harvest at 3 days (to assess acute toxicity) or 3 weeks (to assess chronic
toxicity). Immediately following euthanasia, samples from ten organs (brain, diaphragm,
heart, kidney, lung, bone marrow, lymph node, spleen , gonads, and liver) were harvested,
placed in buffered formalin and sent to FAHC Histology for processing, H&E staining, and
THC staining. All slides were subsequently read by the project pathologist.

The same tissues were also collected (all but marrow, due to small sample size) and processed
for phage titering, future PCR and confocal analysis. Blood was also collected and titered for
phage at this time.
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Summary of Results: Study IT

Survival: All mice survived to end point, except for one that died in the restraint prior to
injection. This mouse was not replaced in the study due to a lack of available FVB mice.
Gross appearance: Activity, behavior, and appearance were observed to be normal in all
mice for the duration of the study.

Weights: The mice injected with @ Amp1x dropped an average of 9.1% (n=7) of their body
weight on day 1 following injection but had returned to baseline weights by day 2. The mice
injected with @ Amp2x appear to have either maintained or gained weight throughout the
remainder of the study.

Phage Titers: Three days after phage injection there were infective phage present in all of the
mice tissues except for the blood and liver of mouse #3, and the spleen of mouse #2 from ¢
Amplx-injected mice. No infective phage were detected in any of the tissues collected three
weeks after injection of either ¢ Amplx or @ Amp2x.

IHC: All tissues were negative for phage staining three days following injection of @ Amplx.
Most tissues from mice injected with ¢ Amp2x were negative at three days with the
exceptions of: 3 livers, 2 spleens, 1 lymph node, and 1 kidney. All tissues three weeks
following phage injection were negative for phage particles except for the liver of mouse #16,
and a lymph node of mouse #15, both from the ¢ Amp2x-injected group.

H&E: All tissues examined were normal for the strain with the exceptions of: (1) hepatitis
findings in the livers of 3 FVB mice, and (2) one FVB liver with lymphoid aggregates.
Sections of liver from mice with hepatitis were subsequently stained with Steiner Stain to rule
out Helicobacter or Clostridium infection. No bacteria were identified. Refer to the tables for
additional information.
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Phage Titer Results: Study IT'

3 Days After 3 Weeks After
¢ Amplx Injection ¢ Amplx Injection

Mouse 1 2 3 4 5 6 7 8
Tissue
Blood NA? + - + - - - -
Liver NA + - + - - - -
Spleen - NA - + + - - - -
Lymphnode NA + + + - - - -
Gonads NA + + + - - - -
Heart NA + + + - - - -
Lung NA + + + - - - -
Kidney NA + + + - - - -
Brain NA + + + - - - -
Diaphragm NA + + + - - - -

3 Days After 3 Weeks After
¢ Amplx Injection ¢ Amplx Injection

Mouse 9 10 11 12 13 14 15 16
Tissue .
Blood + + + + - - - -
Liver + + + + - - - -
Spleen + + + + - - - -
Lymph node + + + + - - - -
Gonads +. + + + - - - -
Heart + + + + - - - -
‘Lung + + + + - - - -
Kidney + + + + - - - -
Brain + + + + - - - -
Diaphragm  + + + + - - - -

'+/- denotes the presence/absence of infective phage in the tissue.
*Not available, mouse died in restraint prior to injection.
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THC Results: Study IT'

3 Days After 3 Weeks After
¢ Amplx Injection ¢ Amplx Injection

Mouse 1 2 3 4 5 6 7 8
Tissue
Liver NA? - - - - - - -
Spleen NA - - - - - - -
Lymphnode NA - - - - - - -
Gonads NA - - - - - - -
Heart NA - - - - - - -
Lung NA - - - - - - -
Bone marrow NA - NA® - - - - NA®
Kidney NA - - - - - - -
Brain NA - - - - - - -
Diaphragm NA - - - - - - -

3 Days After 3 Weeks After
¢ Amplx Injection ¢ Amplx Injection

Mouse 9 10 11 12 13 14 15 16
Tissue
LiV er +4 +4 +4 - _ _ _ +12
Spleen - + - - - -
Lymph node - - =+ - - - +
Gonads - - - - - NA® - -
Heart - - +10 - - - -
Lung - - - - - - - -
Bone marrow - - - - - - - -
Kidney + +++ - - - - - -
Brain - - - - - - - -
Diaphragm - - - - - - - -

'Note a scale of - to +++ used to grade staining,

Not available, mouse died in restraint prior to injection.

*Not available, inadequate sample size.

“Diffuse + staining in Kupffer cells

*Focal staining in histiocytes (?artifact)

%+ staining in germinal center lymphocytes and 1+ in mantel zone
T+/++ staining in glomeruli

8 ++staining in germinal centers, patchy ++ staining in mantel zone and sinuses
*Focal ++ staining within germinal center folicles

"Focal endothelial staining

"'Focal staining in interfolicular lymphocytes and macrophages
"Focal weak staining in Kupffer cells

BNot available, uterus was not harvested due to technical error.
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H&E Results: Study II!

3 Days After 3 Weeks After
¢ Amplx Injection ¢ Amplx Injection
Mouse1 2 3 4 5 6 7 8
Tissue
Liver NL NL NL NL NL NL NL NL
Spleen NL NL NL NL NL NL NL NL
Lymphnode NL NL NL NL NL NL NL NL .
Gonads NL NL NL NL NL NL NL NL
Heart NL NL NL NL NL NL NL NL
Lung NL NL NL NL NL NL NL NL
Bonemarrow NL NL NL NL NL NL NL NL
Kidney NL NL NL NL NL NL NL NL
Brain NL NL NL NL NL NL NL NL
Diaphragm NL NL NL NL NL NL NL NL
3 Days After 3 Weeks After
¢ Amplx Injection ¢ Amplx Injection
Mouse 9 10 11 12 13 14 15 16
Tissue
Liver NL NL @* @& NL NL o* ©of
Spleen NL NL NL NL NL NL NL NL
Lymphnode NL NL NL NL NL NL NL NL
Gonads NL NL NL NL NL NL NL NL
Heart NL NL NL NL "NL NL NL NL
Lung NL NL NL NL NL NL NL NL
Bonemarrow NL -~ NL NL NL NL NL NL NL
Kidney NL NL NL NL NL NL NL NL
Brain NL NL NL NL NL NL NL NL
Diaphragm NL NL NL NL NL NL NL NL

'NL denotes normal histology for the strain

*Focal acute lobular hepatitis. No evidence of fibrosis. Dead hepatocytes/tissue injury. Focal process diffusely distributed
in small foci. Each nidus consists of apoptotic and degenerating hepatocytes primarily associated with neutrophils in the
larger foci.

*Chronic and focally acute lobular hepatitis, less severe but similar pattern to mouse 11.

“Mild chronic lobular hepatitis, focal mild cholestasis, no necrotic hepatocytes.

*Lymphoid aggregates.

*Subsequently stained with Steiner silver stain to rule out Helicobacter or Clostridium infection. No bacteria were
identified.
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Study III
Toxicity Study in Mice Following Three Injections of Phage: Naive,
Amplx, Amp2x

Diagram of Study Design: Study III

Naive peptide-phage

library
x
— AQK d

— ?
MRL >,

Tumor-bearing

'

Excise tumor 1 ———— QAmMplx — 5

and amplify ’ Day 3
_ >
%
s Q‘}ﬂ
Same tumor-bearing MRL
« Harvest organs
Excise tumor 2 at 3 Weeks
and amplify PAmp2x /l\
Phage titer IHC H&E
Table of Study Design: Study III
Three ¢ Injections at 48 hr Intervals: Organ Harvest
Mouse Strain naive, ® Amplx, ¢ Amp2x at 3 Weeks
1 MRL + X
2 MRL + X
3 MRL + X
4 MRL + X
5 MRL + X
6 MRL + X
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Methods: Study ITI

On 4/3/00, 6 mice (MRL/MpJ-fasLPR) were injected via the tail vein with 1.5 x 10! naive
peptide-phage in a volume of 250 pl.

On 4/5/00, the same mice were injected again with 1.4 x 10%° ®Amplx, in a volume of 250 pl.
¢Amplx were peptide-phage amplified from tumor 1 which was excised from Survival
Surgery Mouse #3 on 4/3/00. See Study IV for details on survival surgery mice.

On 4/7/00, the same mice were injected again with 1.4 x 10*° ©Amp2x, in a volume of 200 pl.
@Amp2x were peptide-phage amplified from tumor 2 which was excised from Survival
Surgery Mouse #3 on 4/5/00.

Mice were monitored daily after peptide-phage injection until organ harvesting. During the
monitoring period, mice were weighed and observed for signs of toxicity.

Blood was drawn 4 days following injection, and then twice a week thereafter, until blood was
shown to be clear of infective phage by titering. :

The mice were euthanized at 3 weeks. Immediately following euthanasia, samples from ten
organs (brain, diaphragm, heart, kidney, lung, bone marrow, lymph node, spleen , gonads, and
liver) were harvested, placed in buffered formalin and sent to FAHC Histology for processing,
H&E staining, and THC staining. All slides were subsequently read by the project pathologist.
The same tissues were also collected (all but marrow, due to small sample size) for phage
titering, future PCR, and confocal analysis.

Summary of Results: Study III

Survival: All mice survived to the end point.

Gross appearance: Activity, behavior, and appearance were observed to be normal in all
mice for the duration of the study.

Weights: Mice weights appeared to either remain the same or increase (consistent with
normal growth/control mouse) over the course of the study.

Phage Titers: Blood was free of infective phage 11 days after the third and final injection of
peptide-phage. No infective phage were detected in any of the tissues collected three weeks
after the third injection of phage.

IHC: All tissues were negative for phage three weeks following phage injection.
H&E: All collected tissues were found to be of hormal histology for the strain.
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Study IIl

Body Weights for Mice

Date of phage injection:

04/03/00 |04/03/00 |04/03/00 |04/03/00 |04/03/00 |04/03/00

04/05/00 |04/05/00 |04/05/00 |04/05/00 |04/05/00 |04/05/00

04/07/00 |04/07/00 |04/07/00 |04/07/00 |04/07/00 |04/07/00

Mouse

Date Day 1(MRL) [2(MRL) |3(MRL) |4 (MRL) [5(MRL) |6 (MRL)
04/03/00 -4 27.6 32.7 29.8 249 27.5 30.7
04/04/00 -3 271 32.9 294 25.5 27.6 30.0
04/05/00 -2 27.4 33.2 30.6 257 . 28.1 30.6
04/06/00 -1 27.2 33.1 30.2 24.8 271 30.4
04/07/00 0 27.5 34.0 30.9 25.5 27.8 32.1
04/08/00 1 27.3 314 30.5 257 27.5 31.6
04/09/00 2 27.8 34.8 30.7 256 27.8 31.5
04/10/00 3 27.4 33.9 30.7 255 27.0 31.2
04/11/00 4 27.4 34,5 31.6 25.3 27.0 32.1
04/12/00 5 27.5 33.9 31.1 25.0 27.2 30.7
04/13/00 6 28.5 34.9 32.7 26.8 28.6 32.5
04/14/00 7 29.1 351 32.6 27.2 28.7 34.0
04/15/00 8 28.9 35.0 32.3 27.1 28.3 325
04/16/00 9 28.9 35.3 32.3 27.4 28.3 32.1
04/17/00 10 29.0 35.5 32.8 27.2 28.4 32.1
04/18/00 11 28.4 35.8 34.0 27.9 28.5 33.3
04/19/00 12 281 351 33.0 27.2 28.4 32.8
04/20/00 13 28.4 35.7 32.7 276 28.3 32.2
04/21/00 14 27.9 34.8 32.2 271 27.8 32.0
04/22/00 15 28.6 358 32.6 28.3 28.8 33.3
04/23/00 16 29.6 36.6 33.7 28.3 29.1 336
04/24/00 17 29.1 36.2 343 28.1 29.2 33.3
04/25/00 18 29.0 35.9 33.7 28.1 28.7 32.6
04/26/00 19 29.5 36.2 345 29.1 29.5 33.5
04/27/00 20 30.0 37.4 35.3 29.5 304 347




Phage Titer Results for Blood Clearance: Study III
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Phage Titer Results: Study I

3 Weeks After Three Injections

Mouse 1 2 3 4 5 6
Tissue
Liver
Spleen
Lymph node
Gonads
Heart - - - - - -
Lung - - - - - -
Bone marrow
Kidney
Brain - - - - - -
Diaphragm

1+/- denotes the presence/absence of infective phage in the tissue.
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IHC Results: Study IIT'

3 Weeks

Mouse 1 2
Tissue
Liver - -
Spleen
Lymph node
Gonads
Heart - -
Lung
Bone marrow
Kidney - -
Brain - -
Diaphragm - -

After Three Injections

3 4 5 6

"Note a scale of - to +++ used to grade staining.
2Not available, no nodal tissue on slide, only brown fat which was negative for immunoreactivity.
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H&E Results: Study IIT'

3 Weeks After Three Injections
Mouse1 2 3 4 5 6

Tissue

~ Liver NL NL NL NL NL NL
Spleen NL NL NL NL NL NL
Lymphnode NL NL NA* NL NL NL
Gonads NL NL NL NL NL NL
Heart NL NL NL NL NL NL
Lung NL NL NL NL NL NL
Bonemarrow NL. NL NL NL NL NL
Kidney NL NL NL NL NL NL
Brain NL NL NL NL NL NL
Diaphragm NL NL NL NL NL NL

'NL denotes normal histology for the strain.
2Not available, no nodal tissue was found, only brown fat.
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Group IV
Toxicity Study in Mice Following In Vivo Screening

Diagram of Design: Study IV

Naive peptide-phage library

Excise tumor 1 and amplify

peptide-phage ¢Amplx

Same tumor-bearing MRL

Excise tumor 2 and amplify
peptide-phage

——3» (Amp2x

o‘bﬂ >
Same tumor-bearing MRL
Excise tumor 3 and amplify —» Harvest organs
peptide-phage at 3 Weeks
Plate individual clones for subsequent
analysis and look for concensus sequences
Phage titer IHC H&E
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Table of Study Design: Study IV

Three ¢ injections: Organ Harvest
Mouse Strain naive, @ Amplx, ¢ Amp2x at 3 Weeks
1 MRL + X
2 MRL ' + X
3 MRL + X
4 MRL (control) - X

Methods: Study IV ,

On the first day of surgery, a MRL mouse bearing at least 3 palpable tumors was anesthetized with
halothane and injected IV with a peptide-phage suspension via the tail vein. The phage were allowed
to circulate for 10 minutes. Under aseptic conditions, tumor 1 was excised. The incision was sutured
and the mouse allowed to recover. The tumor was weighed, minced, ground, and the phage
recovered. Peptide-phage were then amplifed and labeled as “¢ Amp1x.” (Refer to Appendix for
Surgical Protocol.)

On the second day of surgery, (1-2 days following the first surgery), the mouse was again
anesthetized with halothane, injected with ¢ Amp1x (amplified from tumor 1), and allowed to
circulate for 10 minutes. Tumor 2 was excised as before, the incision sutured, and the mouse allowed
to recover. Tumor 2 was ground and amplified as before and labeled as “¢p Amp2x.”

On the third and final surgery day, the mouse was anesthetized as before and injected with @ Amp2x
(amplified from tumor 2) and allowed to circulate 10 minutes. A third tumor was excised, the
incision sutured and the animal allowed to recover. The phage were eluted from the tumor, incubated
with K91 Kan E. coli, and plated for future DNA sequencing analysis.

- Mice were monitored daily after peptide-phage injection until organ harvesting. During the

monitoring period the mice were weighed and observed for signs of toxicity.

Mice were euthanized three weeks following the third phage injection/surgery (in vivo screening).
Immediately following euthanasia, samples from ten organs (brain, diaphragm, heart, kidney, lung,
bone marrow, lymph node, spleen, gonads, and liver) were harvested, placed in buffered formalin and
sent to FAHC Histology for processing, H&E staining, and IHC staining. All slides were
subsquently read by the project pathologist. Note that mouse #1 was injected with amplified peptide-
phage a fourth time, on the day of organ harvest (after removal of a 4th tumor, and immediately prior
to all other tissue collection) to provide phage-positive tissues for THC.
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Number of Peptide-Phage (TU") Injected: Study IV

Mouse Naive ¢ Amplx ¢ Amp2x ¢ Amp3x
1 . NA? NA® NA® NA%?
(9/21/99) (9/22/99) (9/24/99) v (10/15/99)
2 2.6x10° 6.4x10° 9.3 x 10"
(1/31/00) (2/2/00) (2/4/00)
3 3.8% 10° 3.6 x10° NA* -
(4/3/00) (4/5/00)

'Note that only about 1 in 20 particles infect E. coli; ie can be assayed as a transducing unit (TU)’.

*Not available. '

>Peptide-phage amplified from tumor 3 (excised 9/24/99 from mouse #1) was injected on the day of organ harvest to provide
phage-positive THC tissues.

“Mouse died following excision of tumor on the second day of surgery while under general anesthesia.
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Summary of Results: Study IV

. * Survival: Two out of three mice (#1and #2) survived to the 3-week endpoint. The third
mouse (#3), died while under general anesthesia following the removal of tumor during the
second surgery. It is most likely that this animal died from excessive halothane anesthesia,
due to the difficulty of monitoring the breathing and heartbeat of such a small animal, while
maintaining sterile surgical technique (draping). Furthermore, as discussed previously (see
Integrated Summary), the general health of the MRL tumor-bearing mice is less than optimum
and may very well have played a role in Mouse #3’s death during surgery. (Refer to the
Appendix for Survival Surgery Protocol.)

* Gross appearance: The mice were somewhat less active the first day or two following each
surgery. As discussed above, Surgical Mouse #3 died during the second surgery, therefore
there are limited observations for this animal. Additionally, two of the surgical mice (#1and
#2) pulled and chewed their sutures; Mouse #2 removed its sutures to the point of opening an
incision. The incision was cleaned, and antibiotic ointment applied daily until the wound
healed. The surgical mice, which were subjected to a complete phage screening, similar to
the clinical protocol except with more extensive surgery and anesthesia (#1 and #2),
progressed well to the end of the study. With the exception of a few days of recovery time
after each surgery, the animals appeared normal for the duration of the study.

* Weights: The weight of Mouse #1 was measured on days 6-24 after in vivo screening and
indicated a fairly stable maintenance of body weight during this time.

. Mouse #2 lost 2.4 grams of body weight (5.0%) on the day following the initial surgery. After
this initial loss, the weight stabilized until day 8. Mouse #2 lost 10.5% of its body weight
over the next two days, but put on weight steadily through the remainder of the study, with a
final weight within 5% of the starting weight.

Mouse #3 lost 3.4 grams of body weight (7.5%) in the two days following the initial surgery. No
further weight measurements were made as the animal died during the second surgery. (Please
refer to graph and table for details.)

* Phage Titers: Most tissue titers for infective phage were positive at three weeks for Mouse
#2. Mouse #1 was injected with phage just before organ harvest to provide positive IHC
controls, and Mouse #3 did not survive surgery 2. Therefore, titers were not performed on
Mouse #1 or Mouse #3 tissues.

* IHC: Based on our titering results, we had expected to see positive IHC results. However, at
the three-week endpoint, all tissues were negative for immunoreactivity in Mouse #2,
indicating the absence of phage particles. This is not altogether unexpected as titering is a
very sensitive technique for detection of phage, and can detect as little as 1 phage TU. In
addition, far less tissue is used in the THC technique than in titering. Far more phage particles
need to be present for a positive [HC signal.

. Mouse #1 was injected with phage immediately following removal of one tumor and prior to all
other tissues being harvested to provide us with positive IHC controls. As expected, the
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tumor removed prior to phage injection was IHC negative for phage while all other tissues
were IHC positive. ’

. e H&E: All tissues were determined to have normal histology for the strain.
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Study IV

Body Weights (grams) of Surgical Survival Mice

* Injection of naive library phage, followed by surgery to remove tumor 1

** Injection with $Amp 1x from tumor #1, followed by surgery to remove tumor 2

***|njection with $Amp 2x from tumor #2 followed by surgery to remove tumor 3

Mouse 1 Mouse 2 Mouse 3
Day Day Day
*0 *0 47.6 *0 453
*kq 1 45.2 1 42.2
2 **2 455 2 419
3 3 449 3
4 4 452 4
5 5 43.8 5
6 38.3 6 43.9 6
7 40.7 7 447 7
8 40.4 8 449 8
9 404 9 421 9
10 40.6 10 40.2 10
11 11 41.3 11
12 12 431 12
13 39.9 13 42.2 13
14 39.5 14 42.7 14
15 40.0 15 41.9 15
16 41.2 16 43.4 .16
17 39.8 17 43.0 17
18 18 43.2 18
19 19 43.7 19
20 40.6 20 43.8 20
21 40.6 21 445 21
22 39.8 22 44 4 22
23 40.8 23 448 23
24 40.0 24 451 24

Note: Mouse 3 died while under anesthesia during the second surgery.




Phage Titer Results: Study IV

3 Weeks After 3 Injections’
(In Vivo Screening)
Mouse1 2 3

Tissue

Liver NA> +  NA?
Spleen NA + NA
Lymphnode NA + NA
Gonads NA + NA
Heart NA + NA
Lung NA + NA
Kidney NA + NA
Brain NA + NA
Diaphragm NA + NA
Tumor NA - NA
Blood NA + NA

!+/- denotes the presence/absence of infective phage in the tissue.
*Not available, mouse #1 was injected with phage on the day of harvest. Since phage were known to be present, titering
was not performed.

*Not available, mouse died while still anesthetized following tumor 2 excision. No tissues were available for phage
titering.
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IHC Results: Study IV

3 Weeks After 3 Injections'
(In Vive Screening)
Mouse > 2 3 Control MRL*

Tissue
Tumor 1 S - NA® -
Liver ++ - NA -
Spleen + - NA -
Lymphnode NA - NA -
Uterus ++ - NA -
Heart + - NA -
Lung ++ - NA -
Kidney + - NA -
Brain + - NA -
Diaphragm ++ - NA -
Bone marrow + - NA -
Tumor 2 +

'A scale of - to +++ was used to grade staining.

*Mouse 1 had two tumors excised on day of euthanasia: pre and post phage injection.

*Not available, mouse died while still anesthetized following tumor 2 excision. No tissues were harvested for IHC.
“Control mouse, no phage injected. '

Tumor 1 was harvested before phage injected on day of euthanasia. All other tissues harvested after phage injection to
serve as positive controls. '
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Study IV IHC

3 Weeks J:oim:m m:m__ surgery unless otherwise noted.
_
Primary antibody=Rabbit a-M13 at 1:10,000 dilution (Sigma cat #B7786, lot#038H4885)
Staining scale is negative to +++
Phage
Mouse Harvested |Strain Injection Tissue Comments Sex
Control'  {10-14-99 MRLU/MpJ-fas pg |no injection Brain negative staining, no immunoreactivity female
Diaphragm negative staining, no immunoreactivity
Heart negative staining, no immunoreactivity
Kidney negative staining, no immunoreactivity
Lung negative staining, no immunoreactivity
Marrow negative staining, no immunoreactivity
L. Node negative staining, no immunoreactivity
Spleen negative staining, no immunoreactivity
Uterus negative staining, no immunoreactivity
Liver negative staining, no immunoreactivity
Tumor negative staining, no immunoreactivity
1 10-15-99 |MRUMpJ-fas;pgr |$ naive 9/21/99 Brain +/++ diffuse endothelial reactivity female
¢ Amp1x 9/21/99 |Diaphragm ++ diffuse endothelial reactivity
¢ Amp2x 9/24/99 |Heart + diffuse endothelial reactivity
¢ Amp 10/15/99 Kidney + diffuse endothelial reactivity
Lung ++ but variable reactivity
Marrow + diffuse endothelial reactivity
L. Node +/++ staining in endothelial cell, focal reactivity in sinus histiocytes
Spleen + diffuse endothelial reactivity
Uterus ++ endothelial, red blood cell and serum staining
Liver ++ endothelial cell and serum staining
Tumor a> negative staining, no immunoreactivity
Tumor b vascular tumor emboli identifited, tumor cells within vessels show membrane reactivity
2 02/24/00 |MRL/MpJ-fas pr [d naive 1/31/00 Brain negative staining, no immunoreactivity female
¢ Amp1x 2/2/00 Diaphragm negative staining, no immunoreactivity
& Amp2x 2/4/00 Heart negative staining, no immunoreactivity
Kidney negative staining, no immunoreactivity
Lung negative staining, no immunoreactivity
Marrow negative staining, no immunoreactivity
L. Node/tumor |negative staining, no immunoreactivity
Spleen negative staining, no immunoreactivity
Uterus negative staining, no immunoreactivity
Liver negative staining, no immunoreactivity
3 04-05-00 |MRL/MpJ-fas,pr | naive 413/00 Liver® female
¢ Amp1x 45500  |Kidney®
Spleen®
Lung®
The control mouse did ﬂoa undergo surgery or phage injection.
_ _
“Tumor a was excised before phage injected on 10-15-99.

All other organs and tumor b were excised following the phage injection on 10-1

5-99.

| _ | _

*Mouse died following excision of tumor 2 while under halothane anesthesia.

Only H&E was performed on these tissues| ]
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H&E Results: Study IV

3 Weeks After Three Injections’
(In Vivo Screening)

Mouse 1° 2 3 Control*
Tissue
Tumor 1 NL° NA® NA” NL
Liver NL NL NL NL
Spleen NL NL -NL NL
Lymphnode NL NL NA’ NL
Uterus NL NL NA’ NL
Heart NL NL NA’ NL
Lung NL NL NL NL
Kidney NL NL NL NL
Brain NL NL NA’ NL
Diaphragm NL NL  NA’ NL
Bone marrow NA®* NL  NA’ NL
Tumor 2 NL NA® NA® NAS

'NL denotes normal histology for the strain. See explanation in Integrated Summary.
*Mouse 1 had two tumors excised on the day of euthanasia: pre and post peptide-phage injection.
3Mouse died while still anesthetized following tumor excision.
“Control mouse, no phage was ever injected.
>Tumor 1 was harvested before phage injected on day of euthanasia. All other tissues harvested after phage mjectlon to °
serve as positive controls.
®Not available. Not collected.
"Not available. Only liver, kidney, spleen and lung were harvested for H&E.
*Not available. Experimental error.
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Study IV H&E

3 Weeks following final surgery unless otherwise noted.
Phage
Mouse Harvested [Strain Injection Tissue Pathology Comments Sex
Control® 10-14-99 |MRUMpJ-fas pg |no treatment Brain normal female
Diaphragm normal
Heart normal
Kidney normal glomerulo nephritis, interstitial nephritis with focal segmental glomerulo nephritis; moderate sclerosis
Lung normal
Marrow normal
L. Node normal enlarged node
Spleen normal enlarged spleen; markedly expanded white pulp with lympho proliferative disorder; extramedulary hematopoiesis
Uterus normal
Liver normal
Tumor normal
1 10-15-99 |MRL/MpJ-fas pg |¢ naive 9/21/99 Brain normal femnale
¢ Amp1x 9/21/98 |Diaphragm normal
& Amp2x 9/24/99 |Heart normal
& Amp 10/15/99 Kidney normal chronic interstitial nephritis; more severe sclerosis than control mouse
Lung normal peri bronchial lymphocytic infiltrates; probably iympho proliferative disease
Marrow not available only muscle obtained
L. Node normal
Spleen normal same as control mouse
Uterus normal
Liver normal
Tumor a* normal looks like normal node
Tumor b normal looks like lympho proliferative tumor
2 02/24/00 |MRU/MpJ-fas_pg {¢ naive 1/31/00 Brain normal female
& Amp1x 2/2/00 Diaphragm normal
o Amp2x 2/4/00 Heart normal
Kidney normal chronic interstitial inflammation and glomerular sclerosis
Lung normal mild chronic bronchitis
Marrow normal
L. Node/tumor |[normal
Spleen normal
Uterus normal
Liver normal
3 04-05-00 |MRL/MpJ-fas pg |¢ naive 4/3/00 Liver® normal mild portal lymphocytic infiltrates, no hepatic necrosis female
& Amp1x 4/5/00 Kidney® normal interstitial lympoid infiltrates (interstitial nephritis), focal segmental glomerular nephritis
Spleen® normal lymphoid hyperplasia
Lung® normal focal peri bronchial lymphoid aggregates
"The no::o__ mouse did ﬂow undergo surgery or phage injection.
| [
“Tumor a was excised before phage were injected on 10-15-99.
All other o_‘m_umsm and E_s_oﬂ b were excised following the phage injection on 10-15-99.
[ _
*Mouse died following excision of tumor 2 while under halothane anesthesia.

wd




GLP compliance

The studies presented in this IND application were not conducted specifically in compliance with GLP.
Dr. Anne Pilaro, a member of the FDA, advised us that this is not necessary for phase I trials.
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Previous Human Experience

There is no previous human experience, to our knowledge, with IV injection of peptide-phage
libraries, or with IV injection of filamentous phage. There has been extensive human experience
with other, related, strains of phage, by Ochs et al and Slopek et al, for example, as discussed in
detail in Section 7.

Published material that is relevant to the safety of the proposed investigation, which is
supplied in full in this application (see Appendix) include:

Ochs' IND

Slopek et al (1983 and 1987)

Yip et al (1999). This paper reports basic pharmacokinetic data of filamentous phage
injected IV into mice. The study was not designed to address safety issues- its
purpose was to provide information useful in the design of in vivo screening
experiments.

Published material that is relevant to an assessment of the effectiveness of in vivo screening,
which is supplied in full in this application (see Appendix) include:

Arap et al

Rajotte et al

Pasqualini et al 1996 ,

All of these reports are from the same group. These elegant studies demonstrate that, using in
vivo screening, small specific peptides can be identified that home specifically to different organs.
Peptides were also identified that bound specifically to tumors. When conjugated to doxorubicin,
these tumor-homing peptide-doxorubicin conjugates acted as extremely effective anti-tumor drugs
in a mouse model. The peptide-doxorubicin conjugates eliminated large tumors and allowed
excellent animal survival, without the severe drug toxicity caused by doxorubicin in its free form.
These exciting results are what prompted us to initiate similar studies in humans.

In addition to the results of Pasqualini et al, we have also accumulated data in our own
lab, as yet unpublished, which also suggest that in vivo screening may be an effective method of
identifying peptides which home specifically to tumors, and may ultimately be used to develop
effective cancer therapeutics. Our in vivo screening experiments have identified several consensus
sequences from peptide-phage eluted from mouse tumors, which suggests that certain peptide-
phage clones are binding at least specifically to mouse tissue, and perhaps, specifically to tumor
tissue or tumor-associated molecules. An example of one consensus sequence family is included
on the next page. Interestingly, these peptides have high amino acid homology with a peptide
recently identified as a matrix metalloprotease (MMP) inhibitor. MMPs probably play a major
role in pathology caused by tumors- especially tumor invasion and metastasis. The MMP
inhibitor, identified by the same group which pioneered in vivo screening (interestingly, the group
performed conventional phage-display screening with purified MMP for these experiments,
seemingly unrelated to their in vivo screening work), caused significant inhibition of tumor growth
and invasion and increased survival in mice with tumors. The MMP inhibitor was specific for
forms of MMP found specifically associated with tumors. We will begin a collaboration with Lew
Cantley’s lab at Harvard soon to test the peptides we identified for MMP binding.

Neither Pasqualini’s group or our group have performed in vivo panning in humans. Allin
vivo screenings have been performed in mice.

Previous Human Experience Page 1 of 2




In vivo screening of mice with tumors:
Identification of consensus peptides which are highly homologous to matrix
metalloprotease inhibitors identified by in vitro phage-display with purified
MMP

* MMP is a promising tumor target, associated with a malignant phenotype

CENPFVGRNYVELC Binders identified by our
CRDLVWRPOQAZC lab by in vivo screening
with a mouse with

CWRHWYVSNYDC
CTGHWGIGENLZC
CTTHWGFTLC MMP binders,
CRRHWGPEFETFUC Koivunen et al, Nature
CSLHEHWGFWWDZGC Biotech, vol 17, Aug 99.
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Abbreviations:

) Phage

$X174 A strain of E. coli bacteriophage used by Dr. Ochs
DNA Deoxyribonucleic acid

DPBS Dulbecco’s phosphate buffered saline
EPI Eukaryotic protease inhibitors

EU Endotoxin units

FAHC Fletcher Allen Health Care

fd Strain of filamentous phage

FDA Food and Drug Administration

H&E Hematoxylin and eosin

HC Immunohistochemistry

v Intravenous

Kan Kanamycin

LAL Limulus Amebocyte Lysate

LB Luria-Bertani

NA Not available

ND Not done

NL Normal

PBS Phosphate buffered saline

PCR Polymerase chain reaction

PEG Polyethylene glycol

PI Principal investigator

pIll A minor coat protein of filamentous phage
PPI Prokaryotic protease inhibitors

RPL Random peptide library

Tet Tetracycline

TU Transducing unit
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Phage Amplification and Harvesting Protocol

Day 1:

® Make fresh tetracycline (Tet) stock.

e Prepare 5 pans 2xYT KanTet.

¢ 3-4PM: streak K91 Kan E. coli onto 2xYTKan plate; incubate 37°C overnight.

Day 2:

Prepare (50ml) ready cells:

¢ Add 50ul Kan (Kanamycin) stock to 50ml 2xYT (2xYT Kan) media in a tube-flask.
e Inoculate with 1 colony from a fresh K91Kan streak.

e Shake 270rpm, 37°C for 5 minutes to mix suspension completely.

o Split the 50 mli cell suspension 2x25ml into 2 tube-flasks.

e Shake 270rpm, 37°C, ~4-5hr.

¢ Check ODggo frequently; do not exceed ODgp=0.95.

o At ODgpp=0.95 shake at 70rpm, 10min.

e Place cells on ice up to lhr; do not use after lhr.

Infect library:

¢ Pool ready cells (50ml total) into one 250 ml tube-flask.

¢ Under hood with unopened, sterile, box of tips, add 40ul each T1-3 and T4 ¢ libraries (gently
vortex and spin tubes containing library ¢ before removing the 40ul). Keep sterile! Library is
precious!

e Shake slowly, 70rpm, 10min, 37°C.

¢ Add 2ul Tet stock.

o Shake at 270rpm, 25min.

o Split into 2 oakridge tubes; spin at 9500rpm, 10min; discard supernatants.

e Resuspend and pool cells in a total of Sml 2xYTKanTet media.

¢ Add 5ul leupeptin and Sul aprotinin to the cell suspension.

o Spread 1ml to each of five pans under hood.

e Incubate 37°C overnight.

Day 3:
Harvest peptide-phage:

e Harvest each pan with 3 x 10 ml PBS with fresh prokaryotic protease inhibitors (PPI, Sigma

P8465) at 1:1000.

Spin at 8000 rpm (7649 x g) for 10 min at 4°C.

Spin the supernatant (supt) at 8000 rpm for 10 min at 4°C. Phage are in the supt. -
Filter supt through 500 ml capacity 0.2 um PES (polyethylene sulfone) filter unit.

(PEG=polyethylene glycol)

Incubate on ice 30 min.

Centrifuge 9000 rpm (9681 x g) for 20 min at 4° C.

Resuspend the pellet (phage) in 3-10 ml PBS-PPL

Filter through 0.45 um CA syringe filters into two 15 cc orange capped centrifuge tubes.
Phage is now ready for the endotoxin removal procedure.

Precipitate the phage in the filtrate with 0.15 ml cold PEG/ml filtrate. Invert 50x.




Endotoxin Purification and Removal Prior to In Vivo Phage Injection

1.
2.

e B

10.

11.
12.

13.
14.
15.
16.
17.
18.

19.

Turn on waterbath to 37° C.

Thaw one vial prokaryotic protease inhibitors cocktail (PPI, Sigma P8465). Need 1 pl PPI/ml
DPBS. Prepare DPBS with PPI: 15 ml DPBS (Sigma D8537, endotoxin tested) + 15 pl
PPL. (see reagents in Appendix)

. Place phage into clean 15 cc poly propylene centrifuge tube. Add enough DPBS-PPI to make

10 ml. Vortex.

Bring solution to 1% Triton X-114 by adding 100 ul Triton X-114. (Use wide bore tip, drop
Triton X directly into solution without placing pipet shaft into tube.) Mix well.

Nutate at 4° C for 30 min.

Incubate 10’ @ 37°C in waterbath.

Centrifuge 10°, setting #6 (475 x g), Fisher Centrific tabletop centrifuge.

Two phases should be visible. Transfer top phase, getting as close to miniscus as possible, to
clean 15 cc tube. '

Repeat steps 4-8 twice more. When transferring top phase after final centrifugation, transfer
to Oakridge tube, measuring volume.

Add 0.15 ml cold PEG (polyethylene glycol)/ml phage solution to precipitate phage. Mix well
by swirling 50x. Incubate onice 30°.

Centrifuge in Sorvall Super T @ 9000rpm (9681 x g) for 20-30’.

Place tube in slant rack for transport. Aspirate supernatant. Phage are in pellet. Allow pellet
to drain an additional 5’ and aspirate any additional supernatant.

Resuspend pellet with 1000 pl endotoxin tested DPBS with eukaryotic protease inhibitors
(EPI, Sigma P8340) at 1:1000.

Shake @ 200 rpm for 10’ on ice.

Transfer phage solution to 1.5 ml screw cap Eppendorf tube(s).

Rinse Qakridge tube with 2 x 500 ul DPBS-EPI and add to Eppendorfs.

Centrifuge in Heraeus 5° @ 13000 rpm (13,800 x g). Should see a small pellet. Phage is still
in supernatant.

Filter supernatant through 0.45 um cellulose acetate membrane (Schleicher + Schuell,
#10465202, cellulose acetate filter) using 3 cc luer lock syringe.

Filter through 0.2 pm cellulose acetate membrane (Schleicher + Schuell, #10465200) as
above.

20.Bring to desired volume using DPBS-EPI. Aliquot into sterile tubes. Save some for “input”

titering.




Reagents used in peptide-phage production

2xYT Media
16.0 g/l Tryptone

. 10.0 g/l Yeast Extract

5.0 g/l Sodium Chloride
15.0 g/l Agar
240 pL/l Kanamycin (100mg/mL ddH20 (w,v))
4.0 mL/1 Tetracycline (5Smg/mL Ethanol (w,v)
Autoclave. At 50° C add antibiotics. Pour 250mL / pan

DPBS (Dulbecco’s Phosphate Buffered Saline), pH 7.3
Sigma Product Number: D 8537
0.2 g/l Potassium chloride
0.2 g/l Postassium Phosphate Monobasic (anhydrous)
8.0 g/l Sodium Chloride
1.15 g/l Sodium Phosphate Dibasic (anhydrous)
Sterile filtered and endotoxin tested

EPI (eukaryotic protease inhibitors

Sigma Product Number: P 8340

Inhibitors Present:
4-(2-aminoethyl)benzenesulfonyl fluoride (AEBSF)
pepstatin A
trans- epoxysuccinyl-L-leucylamido (4-guanidino) butane (E-64)
bestatin

. leupeptin

aprotinin

PBS (Phosphate Buffered Saline), pH 7.3
1.9mM Sodium Phosphate Monobasic (anhydrous)
8.1mM Sodium Phosphate Dibasic (anhydrous)
154mM NaCl

PEG/NaCl
20% Polyethylene Glycol (w,v)
2.5M Sodium Chloride

PPI (prokaryotic protease inhibitors)

Sigma Product Number: P 8465

Inhibitors Present:
4-(2-aminoethyl)benzenesulfonyl fluoride (AEBSF)
pepstatin A
trans- epoxysuccinyl-L- leucylarmdo (4-guanidino) butane (E-64)
bestatin
sodium EDTA

. Triton X-114 (Octylphenoxypoly-ethoxyethanol)
Sigma Product Number X 114 '




Survival Surgery Protocol

1.

Weigh the mouse prior to procedure.

2. Position a warming pad beneath the mouse during the procedure to maintain body

H

hd

7.
8.
9.

10.

11.

12.

temperature.
Anesthetize the mouse using halothane, to effect.
Apply opthamic ointment to the eyes of the mouse.
When the mouse is unresponsive to toe pinch:
a.) Apply a warm compress to the tail to dilate the tail vein.
b.) Using a 29 gauge needle, inject 250 pl or less of sterile peptide-phage preparation into
the tail vein.
c.) Allow the material to circulate for 10 minutes.
Using clippers, shave the area immediately surrounding the tumor to be excised.
Wipe the shaved area with alcohol and sterile drape.
At the end of the 10 minute period, using aseptic technique, excise the subcutaneous tumor
of interest through a small skin incision.
Note the tumor weight and place on ice.
Close the incision using interrupted 5-0 nylon with a PC-1 cutting needle.
Inject the mouse subcutaneously with ¥ dose of buprenorphine (0.05 mg/kg) for pain. (The
other % to be administered in 12 hrs.)
Turn off the halothane. Allow the animal to breath pure O2 until it is responsive.
Place the mouse in its cage and position a heat lamp over the mouse during the recovery
period. Place drapes over the cage to protect the animal’s eyes from the light.

Observe the animal for 2 hours, or until the animal has fully recovered. Return the animal to
the animal care facility.




Phage Titering Protocol for In Vivo Screenings

L.

Prepare dilutions (using PBS) of the phage to be titered.

2. Place 10 pl of each phage dilution into the bottow of a 17 x 100 mm polypropylene round-

o 0O

bottomed tube.

Add 10 pl of “ready cells.”

Ready cells=K91 kanamycin resistant E. coli grown in Kan-supplemented terrific broth until
OD600=0.3.

Incubate for 10 minutes at room temperature.

Add 1.0 ml Luria-Bertani media containing 0.2 pg/ml tetracycline (LB-tet).

Incubate at 37° C, with shaking at 260 rpm, for 25 minutes.

Incubate on ice for 10 minutes.

Plate 20 ul of the suspension onto LB kanamycin/tetracycline supplemented media agar.
Plate 20 pl of “ready cells” as a negative control. ’

10. Incubate overnight at 37° C.
11. One colony=one transducing unit(TU).




Phage Titering Protocol for Harvested Organs

1.

2.

Place the tissue (or 20 pl heparinized whole blood) in a tared disposable homogenizing
(sterile) tube. Record the tissue weight.

Add 75 pl of phosphate-buffered saline with eukaryotic protease inhibitors (PBS-EPI) at
1:1000.

. Homogenize each sample using a sterile disposable pestle inserted in the battery operated

homogenizer.

Add 75 pl “ready cells.”

Ready cells=K91 kanamycin resistant . coli grown in Kan-supplemented terrific broth until
OD600=0.3.

Gently mix suspension by flicking the tube.

Incubate 1 hour at room temperature, flicking the tube every 15 mmutes

Add tetracycline for a final concentration of 0.2 pug/ml.

Incubate at 37° C, with shaking at 270 rpm, for 25 minutes.

Centrifuge at 9000 rpm (6610 x g) for 5 minutes at 4° C.

. Remove all but about 50 ul of the supernatant.
. Resuspend the pellet in the remaining supernatant.
. Plate the entire suspension onto LB media agar supplemented with kanamycin and

tetracycline.

. Incubate at 37° C overnight.




Cancer Treatment by Targeted Drug Delivery to
Tumor Vasculature in a Mouse Model

Wadih Arap,” Renata Pasquali.ni,* Erkki Ruoslahtit

in vivo selection of phage display libraries was used to isolate peptides that home
specifically to tumor blood vessels. When coupled to the anticancer drug doxorubicin,
two of these peptides—one containing an a, integrin-binding Arg-Gly-Asp motif and the
_ other an Asn-Gly-Arg motif—enhanced the efficacy of the drug against human breast
cancer xenografts in nude mice and also reduced its toxicity. These resuits indicate that
it may be possible to develop targeted chemotherapy strategies that are based on
selective expression of receptors in tumor vasculature.

Endothelial cells in the angiogenic vessels
within solid tumors express several proteins
that are absent or barely detectable in-es-
tablished blood vessels (1), including o,
integrins (2) and receptors for certain an-
_giogenic growth factors (3). We have ap-
. plied in vivo selection -of phage peptide
libraries to identify peptides that home se-
lectively to the vasculature of specific or-
gans (4, 5). The results of our studies imply
that many tissues have vascular “addresses.”
To determine whether in vivo selection
could be used to target tumor blood vessels,
we injected phage peptide libraries into the
circulation of nude mice bearing human
breast carcinoma xenografts.
* Recovery of phage from the tumors led
to the identification of three main peptide
"motifs that targeted the phage into the
tumors (6). One motif contained the se-
quence Arg-Gly-Asp (RGD) (7, 8), embed-
ded in a peptide structure that we have

shown to bind selectively to «,8; and o, 85"

integrins (9). Phage carrying this motif;
CDCRGDCFC (termed RGD-4C), homes

to several tumor types (including carcino-

ma, sarcoma, and melanoma) in a highly
selective manner, and homing is specifically
inhibited by the cognate peptide (10).

A second peptide motif that accumulat-

Cancer Research Center, The Bumham Institute, 10901
North Torrey Pines Road, La Jolla, CA 92037, USA.

*These authors contributed equally to this report.
1To whom correspondence should be addressed. E-mail:
ruoslahti@bumhame-inst.org
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ed in tumors was derived from a library. with
the general stucture CX,CX,CX,C (X
= variable residue, C = cysteine) (6). This
peptide, CNGRCVSGCAGRC, contained
the sequence Asn-Gly-Arg (NGR), which
has been identified as a cell adhesion motif
(11). We tested two othier peptides that con-
tain the NGR motif but are otherwise differ-

Fig. 1. Recovery of phage displéy- A

ent from CNGRCVSGCAGRC: a linear
peptide, NGRAHA (11), and a cyclic pep-
tide, CVLNGRMEC. Tumor homing for all
three peptides was independent of the tumor
type and species; the phage homed to a
human breast carcinoma (Fig. 1A), 2 human
Kaposi's sarcoma, and a mouse melanoma
(12). We synthesized the minimal cyclic
NGR peptide from the CNGRCVSG-
CAGRC phage and found that this peptide
(CNGRC), when coinjected with the phage,
inhibited the accumulation of the CNGR-
CVSGCAGRC phage (Fig. 1A) and of the
two other NGR-displaying phages inbreast
carcinoma xenografts {12).

The third motif—Gly-Ser-Leu (GSL)
and its permutations—was frequently re-
covered from screenings using breast carci-
noma (6), Kaposi's sarcoma, and malignant
melanoma, and homing of the phage was
inhibited by the cognate peptide (Fig. 1B).
This motif was not studied further here.

The RGD-4C phage homes selectively to
breast cancer xenografts (Fig. 1C). This
homing can be inhibited by the free RGD-
4C peptide (10), but not by the CNGRC
peptide, even when this peptide was used in
amounts 10 times those that inhibited the
homing of the NGR phage (Fig. 1D). Tumor

" homing of the NGR phage was also partially

inhiibited by the RGD-4C peptide (Fig. 1E),
but this peptide was only 10 to. 20% as
potent as CNGRC. An unrelated cyclic pep-
tide, GACVFSIAHECGA, had no effect on
the tumor-homing ability of either phage
(12). Thus, our in vivo screenings yielded
two peptide motifs, RGD-4C and NGR,
both of which had previously been reported

B c

ing tumor-homing peptides from 4-
breast carcinoma xenografts.
Phage [10° transducing units (TU)]
was injected into the tail vein of
mice bearing size-matched MDA-
MB-435-derived tumors (~1 cm®)
and recovered after perfusion.
Mean values for phage recovered
from the tumor or control tissue
(brain) and the SEM from triplicate

105 TU per gram of tissue

platings are shown. (A} Recovery of ORo peptide CNGHC

CNGRCVSGCAGRC phage from

tumor (solid bars) and brain (striped bars), and
inhibition of the tumor homing by the soluble
peptide CNGRC. (B) Recovery of CGSLVRC
phage and inhibition of tumor homing by the
soluble peptide CGSLVRC. (C) Recovery of
RGD-4C phage (positive control) and un-
selected phage library mix (negative control).
(D) Increasing amounts of the CNGRC soluble
peptide were injected with the RGD-4C
phage. (E} Increasing amounts of the RGD-4C
soluble peptide were injected with the NGR
phage. Inhibition of the CNGRCVSGCAGRC
phage homing by the CNGRC peptide is
shown in (A); inhibition of the RGD-4C phage
by the RGD-4C peptide has been reported (10).
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to bind to integrins (9, 11). The affinity of
NGR for integrins is about three orders of
magnitude less than that of RGD peptides
(7, 11). Nevertheless, the homing ratio (tu-
mor/control organ) of the phage displaying
the NGR motif was three times that of the
RGD-4C phage (12). This discrepancy in
activities, and the cross-inhibition results de-
scribed above, strongly suggest that the NGR
and RGD-4C peptides bind to different re-
ceptors in the tumors.

We next studied phage homing to tumors
by immunostaining (Fig. 2). In one set of
experiments (13), phage was allowed to cir-
culae for 3 to 5 min, followed by perfusion
(10) and immediate tissue recovery. In the
second set, tissues were analyzed 24 hours
after phage injection, when there is almost
no phage left in the circulation (10). Strong
phage staining in tumor vasculature, but not
in normal endothelia, was seen in the short-
term experiments with CNGRCVSG-
CAGRC phage in MDA-MB-435 cell-de-
rived human breast carcinoma xenografts
(Fig. 2A) and SLK cell~derived human Ka-
posi’s sarcoma xenografts (Fig. 2B). The two
other NGR phages, NGRAHA and CVLN-
GRMEGC, also showed strong tumor staining
(12), whereas a control phage showed no
staining (Fig. 2, E and F). At 24 hours, the
staining pattern indicated that the NGR
phage had spread outside the blood vessels
and into the tumors (Fig. 2, C and D). This
spreading may be attributable to increased

" permeability of tumor blood vessels (14) or

uptake of the phage by angiogenic endothe-
lial cells (15) and subsequent transfer to
tumor tissue.

The CNGRCVSGCAGRC  phage
showed the greatest tumor selectivity among
all the peptides analyzed. Several control
organs showed very low or no immunostain-
ing, confirming the specificity of the NGR
motif for tumor vessels; heart (Fig. 2G) and
mammary gland (Fig. 2H) are shown (16).
Spleen and liver, which are part of the re-
ticuloendothelial system (RES), contained
phage; uptake by the RES is a general prop-
erty of the phage particle and is independent
of the peptide it displays (10, 17). These
immunostaining results with the NGR phage
are similar to observations made with the
RGD-4C phage (10).

To determine whether the tumor-homing
peptides RGD-4C and CNGRC could be
used to improve the therapeutic index of
cancer chemotherapeutics, we coupled them
to doxorubicin (dox) (I8). Dox is one of the
most frequently used anticancer drugs and
one of a few chemotherapeutic agents
known to have antiangiogenic activity (19).
The dox-peptide conjugates were used to
‘treat mice bearing tumors derived from hu-
man MDA-MB-435 breast carcinoma cells.

The commonly used dose of dox in nude
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mice with human tumor xenografts is 50 to
200 pg/week (20). Because we expected the
dox conjugates to be more effective than the
free drug, we initially used the conjugates ata
dose of dox-equivalent of only 5 pg/week
(13, 21). Tumor-bearing mice treated with
RGDAC conjugate outlived the control
mice, all of which died from widespread dis-
ease (Log-Rank test, P < 0.0001; Wilcoxon
test, P = 0.0007) (Fig. 3A). In a dose-esca-

lation experiment, tumor-bearing mice were

Ry

treated with the dox-RGD-4C conjugate at
30 pg of dox-equivalent every 21 days for 84
days and were then observed, without further
treatment, for an extended period of time.
All of these mice outlived the.dox-treated -
mice by more than 6 months, suggesting that
both primary tumor growth and metastasis
were inhibited by the conjugate. Many of the
tumors in the mice that received the dox-
RGD-4C conjugate (30 pg of dox-equivalent
every 21 days) showed marked skin ulcer-

Fig. 2. Immunchistochemical staining of phage after intravenous injection into tumor-bearing mibe.
Phage displaying the peptide CNGRCVSGCAGRC (A to.D, G, and H) or control phage with noinsert (E
and F) were injected intravenously into mice bearing MDA-MB-435-derived breast carcinoma (A, C,

and E) and SLK-derived Kaposi's sarcoma (B, D, al
4 min (A, B, E, and F) or for 24 hours (C, D, G, and

nd F) xenografts. Phage was allowed to circulate for
H). Tumors and control organs were removed, fixed

in Bouin solution, and embedded in paraffin for preparation of tissue sections. An antibody to M-13
phage (Pharmacia) was used for the staining. Heart (G) and mammary gland (H) are shown as control
organs (16). Arrows point to blood vessels. Scale bar in{A), 5 pm,
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ation and tumor necrosis, whereas these signs
were not observed in any of the control
groups. At necropsy, the mice treated with
the dox-RGD-4C conjugate had significantly
smaller tumors (¢ test, P = 0.02), less spread-
ing to regional lymph nodes (P < 0.0001),
and fewer pulmonary metastases P <
0.0001) than did the mice treated with free
dox (Fig. 3, B to D). Similar results were
obtained in five independent experiments.
Histopathological analysis revealed pro-
nounced destruction of the tumor architec-

ture and widespread cell death in the tumors

of mice treated with the dox-RGD-4C con-
jugate; tumors treated with free dox at this

'

toxic to the liver and heart than was free dox

(Fig. 3E). In some experiments, dox together

with unconjugated soluble peptide was used
as a control; the drug-peptide combination
was no more effective than free dox (12).
To assess toxicity, we used 200 pg of
dox-equivalent in mice with large (~5 cm’),
sizesmatched tumors (13, 21). Mice treated
with the dox-RGD4C conjugate survived
more than a week, whereas all of the dox-
treated mice died within 48 hours of drug
administration (Fig. 3F). Accumulation of
dox-RGD-4C within the large tumors thus
appeared to have sequestered the conjugated
drug, thereby reducing its toxicity to other

peptide conjugate indicated an efficacy sim-
ilar to that of the RGD-4C conjugate. In all
experiments, tumors treated with the dox-
CNGRC conjugate were one-fourth to one-
fifth as large as tumors treated in the control
groups (Fig. 4A). A marked reduction in
metastasis and a prolongation of long-term
survival were also seen (Log-Rank test, P =
0.0064; Wilcoxon test, P = 0.0343) (Fig.
4B). Two of the six dox-CNGRC-treated
animals were still alive more than 11 weeks
after the last of the control mice died. The
dox-CNGRC conjugate was also less toxic
than the free drug (Fig. 4C). CNGRCepep-

tide alone failed to reproduce the effect of

dose were only minimally affected. In con-  tissues.

trast, the dox-RGD-4C conjugate was less

Less extensive data with the CNGRC |

the conjugate, even in doses up to 150 pg/
week. Unconjugated CNGRC-dox mixture

A - B ' og: D T F
1.0 12 R T osl s 1.0
. *
] 101 5 . .
0.8 -o-dox-RGD-4C H Zo6] o 0.8
dox-ctr ) =0 . .
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Fig. 3. Treatment of mice bearing MDA-MB-435~derived breast carcinomas
with dox-RGD-4C peptide conjugate. Mice with size-matched tumors (~1
cmd) were randomized into four treatment groups (five animals per group):
vehicle only, free dox, dox-control peptide (GACVFSIAHECGA; dox-ctr pep),
and dox-RGD-4C conjugate. (A) Mice were treated with 5 pg/week of dox-
equivalent. A Kaplan-Meier survival curve is shown. (B to D) Mice were treated
with 30 pg of dox-equivalent every 21 days. The animals were killed, and
tumors (B), axillary lymph nodes (C), and lungs (D) were weighed after three
treatments. (E) Histopathological analysis (hematoxylin and eosin stain) of
MDA-MB-435 tumors, liver, and heart treated with dox or dox-RGD-4C con-

ada
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jugate. Vascular damage was observed in the tumors treated with dox-RGD-
4C conjugate (arows, lower left panel), but not in the tumors treated with free
dox (arows, upper left panel). Signs of toxicity were seen in the fiver and heart
of mice treated with dox (arrows, upper middie and upper right panels), where-
as the blood vessels were relatively undamaged in the mice treated with the
dox-RGD-4C conjugate. The changes were scored blindly by a pathologist;
representative micrographs are shown. Scale bar, 7.5 pm. (F) Mice bearing
large (~5 cm®) MDA-MB-435 breast carcinomas {four animals per group) were
randomized to receive a single dose of free dox or dox-RGD-4C conjugate at
200 pg of dox-equivalent per mouse. A Kaplan-Meier survival curve is shown.
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0.0 CNGRC conjugate at 200 pg of dox-equiv-

Days

was no different from dox alone. The dox-
CNGRC conjugates were also effective
against xenografts derived from another hu-
man breast carcinoma cell line, MDA-MB-
231 (12).

" We expect the NGR and RGD4C motifs
to target human vasculature as well, because
(i) the NGR phage binds to blood vessels of
human tumors and less so than to vessels in
nommal tissue (22), and (ii) the RGD4C
peptide binds to human e, integrins (9, 10),
which are known to be selectively expressed
in human tumor blood vessels (23). Thus,
these peptides are potentially suitable for
tumor targeting in patients. The RGDA4C
peptide is likely to carry dox into the tumor
vasculature and also to the tumor cells ther-
selves, because the MDA-MB-435 breast
carcinoma expresses @, integrins (10). Be-
cause many human tumors express the o,
integrins (23), our animal model is a reason-
able mimic of the situation in at least a
subgroup of cancer patients. The targeting of
drugs into tumors is a new use of the selec-
tive expression of o, integrins and other
receptors in tumor vasculature. The effec-
tiveness of the CNGRC conjugate may be
derived entirely from vascular targeting be-
cause the NGR peptides do not bind to the
MDA-MD-435 cells (12).

The tumor vasculature is a particularly
suitable target for cancer therapy because it
is composed of nonmalignant endothelial
cells that are genetically stable and therefore
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alent per mouse. A Kaplan-Meier survival
curve is shown.

unlikely to mutate into drug-resistant vari-
ants (24). In addition, these cells are more
accessible to drugs and have an intrinsic
amplification mechanism; it has been esti-
mated that elimination of a single endothe-
lial cell can inhibit the growth of 100 tumor
cells (24). New targeting strategies, includ-
ing the ones described here, have the poten-
tial to markedly improve cancer treatment.
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involving this motif, leading to a zipper-like modet for cadherin-
mediated cell adhesion'®. These antiparallel ‘adhesive inter-
actions’ are not seen in the Ecad12 crystal structure, although
sterically Ecad12 could be accommodated in the zipper-like
arrangement. Regardless, we have shown that the building block
of any higher-order organization is a parallel cadherin dimer
whose structure is promoted by and dependent on the presence
of bound calcium ions. The dimerization, rigidification and
resulting mechanical stabilization of E-cadherin explains, at
least in part, the calcium requirement for the integrity of cell
junctions®. O
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Organ targeting in vivo using
phage display peptide libraries
Renata Pasqualini & Erkki Ruoslahti
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Torrey Pines Road, La Jolla, California 92037, USA

PREFERENTIAL homing of tumour cells’” and leukocytes™ to
specific organs indicates that tissues carry unique marker mole-
cules accessible to circulating cells. Organ-selective address
molecules on endothelial surfaces have been identified for lym-
phocyte homing to various lymphoid organs and to tissues under-
going inflammation®?, and an endothelial marker responsible for
tumour homing to the lungs has also been identified’. Here we
report a new approach to studying organ-selective targeting
based on in vivo screening of random peptide sequences. Peptides
capable of mediating selective localization of phage to brain and
kidney blood vessels were identified, and showed up to 13-fold
selectivity for these organs. One of the peptides displayed by the
brain-localizing phage was synthesized and shown to specifically
inhibit the localization of the homologous phage into the brain.
When coated onto glutaraldehyde-fixed red bloed cells, the pep-
tide caused selective localization of intravenously injected cells
into the brain. These peptide sequences represent the first step
towards identifying selective endothelial markers, which may be
useful in targeting cells, drugs and genes into selected tissues.

We injected phage libraries'®" intravenously into mice and
subsequently rescued the phage from individual organs. Within
the time frame of the experiments, the bulk of the phage remained
in circulation (not shown). Some organs, such as liver and lung,
captured too many phage to be used as target organs for selection;
we focused on peptide sequences that directed phage binding to
the brain and kidney, because these organs bound relatively few
phage from the unselected libraries.

To select peptides that home to the brain, phage were injected
intravenously, recovered from the brain, amplified repeatedly in
vitro, and re-injected to obtain sufficient enrichment. Although
more of the injected phage were recovered from an equivalent
amount of kidney than from brain after the first injection, 6- and
13-fold more phage were recovered from the brain in the second

364

and third rounds of the selection, respectively. This enrichment
for the brain was reproducible in several experiments. Results
from representative experiments performed with two different
mixtures of libraries are shown in Fig. 1.

Sequencing of the inserts from 48 brain-localizing phage from
library pool I revealed three dominant amino-acid sequence
motifs. Peptides containing an SRL motif represented 54% of
the clones, followed by a CENWWGDVC motif (29%). Other
motifs that appeared more than once included CKDWGRIC,
CVLRGGRC and CTRITESC. Many of these less common
motifs shared the sequence RI/RL with the more common ones.
Eight sequences were seen only once and probably represent
background. From the library pool II phage, 25 sequences
revealed only one motif, WRCVLREGPAGGCAWFNRHRL,
which comprised 40% of the sequences.

The SRL tripeptide was found in several sequence contexts,
indicating that the sequences were derived from a number of
independent phage. Moreover, the DNA sequences of phage
displaying the same peptide were in some cases not identical.
The strong selection for predominant motifs and their internal
diversity clearly shows that the peptide displayed by the phage,
rather than some incidental mutant property of the phage, is
responsible for the selective binding. »

When tested as isolated phage, the CLSSRLDAC,
CNSRLHLRC, CENWWGDVC and WRCVLREGPAGG-
CAWFNRHRL phage each targeted the brain several-fold
more effectively than the kidney. The brain/kidney ratios
(number of phage recovered from brain divided by number
of phage recovered from the same amount of kidney tissue)
were about 8 for the CLSSRLDAC and the CNSRLHLRC
phage, 4 CENWWGDVC, and 9 for WRCVLREGPAGG-
CAWFNRHRL. A phage that had not been selected for brain
or kidney binding gave a brain/kidney ratio of approximately 1.

Phage that would home selectively into the kidney were isolated
from a mixture of the CX;C and CX,C libraries. The enrichment
was three- to fivefold (data not shown). Phage carrying two motifs,
CLPVASC and CGAREMC, constituted 60% of the 48 phage
sequenced; CKGRSSAC appeared three times. The preferential
binding to kidney relative to brain was highest, about sevenfol
with CLPVASC phage. Contro! phage again gave a kidney/brain
ratio of about 1. .

Immunohistochemical staining of the brain-binding phage dis-
playing CLSSRLDAC revealed staining within the brain capil
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laries (Fig. 2a). No preference for any part of the brain was seen.
Injection of the kidney-binding CLPVASC phage did not cause

A soluble cyclic peptide was synthesized according to one of the
brain-binding phage sequences, CLSSRLDAC. We chose to

staining of the brain capillaries (Fig. 2b). In contrast, the kidney-
binding phage was found in the glomeruli and in between the
tubules (Fig. 2¢). Only slight staining was seen in the kidney with
the brain-binding phage (Fig. 2d).

synthesize this peptide because it gave a slightly higher (8.2
versus 7.6) brain/kidney ratio than the most prevalent motif,
CNSRLHLRC. The CLSSRLDAC peptide inhibited the prefer-
ential localization into the brain of the phage carrying the same

FIG. 1 Selective localization of phage to the brain. Two library pools, CXs_,C/CXs (pool jylo-12
and X,CXy«C%, X,CX;g (pool 1) (E. Koivunen and E.R., unpublished data) were injected in the
tail vein. Afer 1-4 min the mice were killed and the phage rescued from tissues. Phage
recovered from the brain were amplified and re-injected in two consecutive rounds. The ~
number of phage (transducing units) recovered from brain (black bars) and kidney (hatched
bars) tissue in a representative experiment with each library pool is shown. The number of
phage recovered from different organs varied to some extent, but the ratios were consistent-
across experiments. The bars show standard error of the mean (s.e.m.) from plating i[} h
triplicate. =
METHODS. The libraries were prepared as described!®3, and display mostly cyclic peptides,
which often bind with higher affinity than non-cyclic peptides*™2, Balb/c (2-month-old
females; Jackson Laboratories, Bar Harbor, ME) were anaesthetized with Avertin
(0.015 mlg Yy and injected intravenously (tail vein) with a mixture of phage libraries containing -
101 (pool I) and 10 (pool 1) transducing units diluted in 200 pl DMEM. At the end of the
experiment the mice were snap-frozen in liquid nitrogen, while in a state of deep anaesthesia.
To recover the bound phage, the carcasses were partly thawed at room temperature, organs
were removed, weighed, and ground in 1mi DMEM-P! (DMEM containing the protease
inhibitors phenyl methy! sulphonyl fluoride (1 mM), aprotinin (20 pug mi~*) and leupeptin
(1 ug m™*)). The tissue were washed three times with ice-cold DMEM-PI containing 1% BSA
and incubated with 1 mi of bacteria for 1h. NZY medium (10 ml) containing 0.2 ugmi~*
tetracycline was added, the mixture was incubated in a 37 °C shaker for 1h, and 200-ui
portions were plated in agar plates in the presence of 40 pgmi~t tetracycline. About 200
individual colonies were grown separately for 16 h in 5 mi NZY medium containing 40 pg mi~*
tetracycline. The bacterial cuitures were then pooled and the amplified phage were injected
into mice as described above. )

4,000

Libeary input:

05, 10X,

XZCX“CX2/ chxw

Transducing units (x 10-3)

Fi%., 2 Immunohistochemical staining of phage in brain and
luoney tissue. Phage were amplified individually and injected
into mice. Tissue sections were prepared after perfusion of
the mice through the heart with DMEM, and the organs were
fixed in Bouin solution. An antibody against M13 (Pharmacia
Biotech, Piscataway, NJ) was used for the staining, followed
by a peroxidase-conjugated secondary antibody (Sigma, St
Louis, MO). Brain-selective phage displaying CLSSRLDAC in
brain (a) and in kidney (d), and the kidney-selective phage
displaying CLPVASC in kidney (c) and in brain (b) are shown.
Magnification: a, x400; b—d, x200.

WRCVLREGPAGGCAWFNRHRL  CLSSRLDAC CENWWGDVC
phage 6 phage 7c phage

FIG. 3 Effect of the CLSSRLCAC synthetic peptide on the in vivo localization
of phage. Brain-binding phage displaying CLSSRLDAC, CENWWDGVC and

V_VRCVLREGPAGGCAWFNRHRL motifs were titrated to the same concentra- @
tion and 102 transducing units were injected into mice either on their own % 20
(black bars) or together with 500 pg of the CLSSRLDAC synthetic peptide e
(hatched bars). Shown is the number of phage (transducing units) recov- 5
ered.from the brain. The CLSSRLDAC peptide was synthesized and purified -§
by high-performance liquid chromatography (Immunodynamics, La Jofla, 3
CA). Bars show s.e.m. from triplicates. Asterisks indicate statistically ' E 1001

significant differences (unpaired Student t-test, P < 0.05).
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FIG. 4 Tissue localization of red blood cells coated with CLSSRLDAC
peptide. Inhibition of brain localization by the corresponding soluble
peptide. lodinated CLSSRLDAC peptide was coupled to red blood cells and
injected into the tail vein of mice in the presence or absence of unfabelled
peptides. Radioactivity in perfused brain (black bars) and kidney (hatched
bars) tissues is shown.

METHODS. The CLSSRLDAC peptide (1 mg) was labelled using the Bolton
Hunter reagent (Amersham Life Science, Arlington Heights, 1L), and
purified by reversed-phase chromatography on Sep-Pak cartridges

- (Waters, Millipore, Milford, MA). The labelled peptide (100 ug) was coupled

to 1ml glutaraldehyde-stabilized sheep red blood cells (Sigma, St Louis,
MO) according to the manufacturer’s instructions. The coated cells (50 i,
200,000 ¢.p.m.) were injected into the tail vein of mice in the presence or
absence of 10 mM of unlabelled CLSSRLDAC peptide. An unrelated pep-
tide, CVRLNSLAC, was used as a control. The mice were killed 2 min later,
perfused through the heart with 50 mi DMEM, and their brain and kidneys
were removed and assayed for radioactivity. The animals were treated in
accordance with the Institute’s Animal Facility Guidelines. Bars shows.e.m.
from triplicates. Asterisks indicate statistically significant differences
(unpaired Student’s t-test, P < 0.05).

sequence and of the WRCVLREGPAGGCAWFNRHRL phage,
but had no effect on the brain localization of the CENWWDGVC
phage (Fig. 3). Thus the first two peptides, which were obtained
from different libraries in two independent experiments, seem to
bind to the same target molecule, possibly because of the similarity
of the C terminus of the long peptide with the SRL motif.
Differences in binding parameters may explain the greater sus-
ceptibility of the long motif to inhibition by the CLSSRLDAC
peptide. The third peptide is likely to have a different target.

We also showed that CLSSRLDAC could target a particle
other than the phage to the brain. Coupling the peptide onto
the surface of red blood cells resulted in their accumulation in the
brain to a greater extent than in the kidney (Fig. 4). Moreover, the
brain localization of the red blood cells was blocked by co-
injection of the soluble peptide, whereas the accumulation in
the kidney was not affected (Fig. 4).

Future studies will be needed to identify the molecules to which
the peptides bind in the brain and kidney. The sequences of the
binding motifs are not helpful in this regard, because they do not
reveal any significant similarities with known receptor ligands.
Our initial attempts to identify the target molecule for. the
CLSSRLDAC peptide by affinity chromatography of brain

extracts have not been successful, possibly because endothelial .

cell molecules would only be present as minor components in a
brain extract. The receptors for the peptides are likely to be
endothelial cell molecules, because the phage were allowed to
circulate only for a few minutes, making it unlikely that the phage
would have left the circulation. Moreover, immunohistochemical
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staining of phage after injection showed that they remain in the
lumen of blood vessels in the targeted organs.

To our knowledge this is the first time an in vivo selectiog
procedure has been applied to a random library. So far we have
targeted only two organs, the brain and the kidney, and were in
each case able to recover organ-selective phage. This initia]
success suggests that it will be possible to apply this procedure
to the identification of selective binding sequences for other
organs as well, although organs that capture a large number of
phage, such as liver and lung, may prove rather more troublesome.
The method should be applicable to phage display librarieg
expressing larger proteins including the antibody variable binding
region and the binding domains of specific ligands, as well a
random libraries based on principles other than phage display; the
only requirement is the ability to identify the compound in the
tissue after the in vivo binding. =

Organ-selective targeting molecules isolated from random
libraries following the procedures described here may have 3
variety of uses. It may be possible to graft motifs to surface
molecules of viruses or cells used in gene therapy. Other possibi-
lities include their use in the preparation of drug conjugates or
liposomes with specific targeting properties. Tumour vasculature,
which undergoes active angiogenesis and contains specific mar-
kers'*'*, would be a particularly attractive future target, as it might
allow therapies to be directed into tumours while sparing other
tissues. ‘ 0
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Abstract

Vascular beds are known to differ in structure and meta-
bolic function, but less is known about their molecular di-
versity. We have studied organ-specific molecular differ-
ences of the endothelium in various tissues by using in vivo
screening of peptide libraries expressed on the surface of a
bacteriophage. We report here that targeting of a large
number of tissues with this method yielded, in each case,
phage that homed selectively to the targeted organ. Differ-
ent peptide motifs were recovered from each of these tis-
sues. The enrichment in homing to the target organs relative
to an unselected phage was 3-35-fold. Peptide sequences
that conferred selective phage homing to the vasculature of
lung, skin, and pancreas were characterized in detail. Im-
munohistochemistry showed that the phage localized in the
blood vessels of their target organ. When tested, the phage
homing was blocked in the presence of the cognate peptide.
By targeting several tissues and by showing that specific
homing could be achieved in each case, we provide evidence
that organ- and tissue-specific molecular heterogeneity of
the vasculature is a general, perhaps even universal, phe-
nomenon. Our results also show that these molecular differ-

“ences can serve as molecular addresses. (J. Clin. Invest.

1998. 102:430-437.) Key words: blood vessels » vascular
markers « endothelial cells « organ targeting « peptide li-
braries

Introduction

Vascular endothelial cells play a crucial role in many physio-
logical processes, including blood-tissue exchange, activation
and migration of white blood cells, fibrinolysis. and coagula-
tion (1). The vascular system is important in a variety of patho-
logical conditions, including the main causes of morbidity and
mortality—atherosclerosis and cancer (2, 3).

There are indications that the vascular beds in different
parts of the body are morphologically and functionally differ-
ent (4, 5). This is particularly true of the lymphoid tissues.
where the high endothelium is composed of cells that express
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1. Abbreviations used in this paper: GST, glutathjone-S-transier

unique adhesion molecules for lymphocyte homing (6-8),
Moreover, metastasis into preferred organs by certain tumqrg
may depend on interactions between tumor cells and orgyp.
specific molecules in vascular beds. Thus, endothelial ¢y
membrane vesicles have been found to bind preferentiyy
those tumor cells that metastasize 10 the tissue of origin of ghe
cndothelial vesicles (9. 10).

Identification of organ-specific vascular markers has pro. .
gressed slowly. at least partly because of difficulties in isolating
pure populations of endothelial cells {rom tissues. Morcover,
isolated and cultured cells may lose their tissuc-spevitic trait
upon culture (5. 11. 12). Thus. the phenotype of endothetial
cells is unstable and likely to change when the celis are re.
moved:from their microenvironment.

Phage ‘display peptide libraries are commonly used to ob-
tain defined peptide sequences interacting with a particular
molecule. In this system. peptides in as many as 10° permuta-
tions are expressed on the phage surface by fusion to onc of
the phage surface proteins and the desired peptides i se-
lected on the basis of binding to the target molccule (13). The
strength of this technology is its ability to identify interactive
regions of proteins and other molecules without precxisting
notions about the nature of the interaction. Phage libraries
have been used to select for peptides that bind immobilized
proteins (14-17). carbohydrates (18). and for peptides that
bind to cultured cells (19).

Recently. we reported on a new approach to the use of
phage libraries. We showed that peptides capable of tissue-
specific homing could be ideéntified by performing a sclection
for that trait in vivo (20). In that work, we isolated peptides ca-
pable of homing to two organs, the brain and the kidnevs. The
objective of the present study was to conduct a broad assess-
ment of the organ-specific molecular diversity in endothclia.
We have targeted seven different organs and obtained. in cach
case. phage that homed preferentially to the target organ. De-
tailed analysis of the homing to three of these organs roy caled
unique peptide sequences that mediated selective phage hom-
ing to the vasculature of these organs. As these tissues were se-
lected to be different in size, location, function, and embryo-
logical derivation. our results suggest that a widespread system
of endothelial specificities exists in tissues.

Methods

Phage peptide libraries. Fuse5 vector and K9lkan bacterial suran
were a gift from G. Smith (21). Peptide phage librarics were con-
structed as described previously (16). The libraries used in this Slfld)'
were: Xg CX(C. CX;C. CX;CXACX:C. and X.CX,CX (C = c_\'slt.’ll“l:i
X = any amino acid). The titer of the various libraries was ™~ 10~
transducing units/ml (TU/ml)." Purification of phage particles and s¢-

rases .

TU. transducing units.
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ger e of phage single-stranded DNA - were performed as de-
seribed ( 16).

Ju vive selection. 2.mo-old Balb/c and Balb/e nude mice were
archased [rom Harlan Sprague Dawley (San Dicgo. CA). In vivo
hage selection was performed as described previousty. with a few

modifications (20, 22). Bricfly. mice were first ancsthetized with 0.017
mi/g of Avertin and then injected intravenously (tail vein) with 10"
TU of phage peptide library. A major modification to the carlier pro-
cedurc was that after S min of phage circulation in vivo. the mice were
perf: 4 through the heart with 5-10 mi of DME (Sigma Chemical
Co.. = Louis, MO). Organs were then weighed. homogenized, and
the phage were rescued by infection with K9lkan bacteria. For the
second and third rounds of in vivo selection, at least 200 clones were
picked from the previous round and grown individually. Cultures
were then pooled, phage particles purificd. and 10" TU of this pool
were injected into mice. Phage ssDNA of individual clones from the
second and third round of selection was prepared and the insert se-
quenced. Phage with sequences appearing repeatedly in both rounds
were ctained, and the selected phage were then characicrized fur-
ther  injecting them individually.

J-or in vivo targeting of the skin we used Balb/e nude mice to
avoid contamination of the tissue with hair. The mice were injected
intravenously with phage and perfused as described above. Any con-
1act of the skin with perfused blood was avoided. Skin was removed
in large sections and placed on an ice-cold plate with the hypodermis
facing up. The skin was then scraped with a scalpel. vielding primarily
the hypodermis, and leaving behind the epidermis and part of the
dermis. The scraped skin tissue was then processed for phage recov-
env leseribed above.

. in vivo targeting of the retina, 2-mo-old female Simonson Al-
hino rats were anesthetized using 50 mg/kg body weight sodium-phe-
nobarbital. While under deep anesthesia. the rats were injected with
10" TU of a library. The injection was administered into the left ven-
wicle of the heart. After 2-5 min circulation time. the anterior cham-
ber with cornea and lens were removed and the retina was peeled off
the remaining posterior chamber. The tissue was homogenized in 1 mi
ice-cold DME containing 1 mM PMSF, 20 ug/mi aprotinin. and | pe/ml
leup =tin (all from Sigma Chemical Co.). The tissue was washed
thre. :mes with | m! DME and containing protease inhibitors. The
phage were rescued by infecting bacteria and used for the subsequent
round of selection. To assess homing of individual phage to retina. a

phage that provides ampicillin-resistance. fTAAMPLAYRR (23 a gift
from Richard N. Perham, Cambridge University, Cambridge. UK).
was used as an internal control. Rats were injected with an cqual
amount of the sclected and TIAMPLAYSS phage. and homing to
retina was cvaluated by comparing the number of TU rescued
from the retina on tetracycline (sclected phage) and ampicillin plates
([dAMPLAYSS).

Glutathione-S-transferase (GST)=fusion proteins. PCR amplifica-
tion of the peptide-coding inserts was performed on phage ssDNA
using the primers: AGGCTCGAGGATCCTCGGCCGACGGG-
GCT (sense) and AGGTCTAGAATTCGCCCCAGCGGCCCC (anti-
sense). Annealing temperature for PCR was 53°C. PCR products
were ethanol precipitated and digested with BamH! and EcoRi. Di-
gested fragments werce inserted in-frame into the same sites of
pPGEX2TK vector (Pharmacia: Uppsala. Sweden). Large-scale prepa-
rations of GST-fusion proteins were produced and purified according
to manufacturer's instructions (Pharmacia). The molecular weight
and purity of the GST-fusion proteins were examined by SDS-
PAGE.

Immunohistochemisiry. Phage proteins were detected in tissues
by immunostaining as described (20. 22). Bricfly. anesthetized mice
were injected with 10° TU of phage and perfused as described above.
The organs were surgically removed and then fixed in Bouin's solu-
tion (Sigma Chemical Co.). An antiscrum against M13 phage (Phar-
macia) was used for the staining. followed by a peroxidasc-conju-
gated secondary antibody (Sigma Chemical Co.).

Resulits

Organ-selective phage isolated bv in vivo screening. To iden-
tify phage that home selectively to individual organs. we in-
jected phage libraries intravenously into mice and subsc-
quently rescued the phage from these targets. We performed
in vivo screens on lung. pancreas. skin, intestine. uterus. adre-
nal gland. and retina. All the screens yielded enrichment in
phage homing to the target organ. The phage homing to lung.
pancreas. and skin were selected for a detailed analysis.

Fig. 1 shows the enrichment profile obtained in three
rounds of selection when targeting the lungs with a CX.C hi-

CX,C library
14 -
= Blung
< .
- 12 Okidney
S Ebrain
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Figure 1. Sclection of lung-targeting phage by in
vivo screening of a phage-displayed peptide k-
brary. A CX,C library (10" TU) was injected into
the taif vein of mice. 5 min after the injection. the
mice were perfused through the heart and phage
were rescued from various organs. Phage recov-
cred from the lungs was amplified and re-injected
in two consccutive rounds. The number of TU
recovered from lung. kidney, and brain tissue is
shown. Error bars show standard deviation of the
mean from triplicate platings.
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Figure 2. Specificity of organ-homing phage. Mice were injected with 10” TU of phage selected for organ homing or with unselected phage with-

~ out insert. 5 min after the injection. the mice were perfused and phage were recovered from the indicated organs. The number of T1 e cred

is shown. Selective phage homing is shown for lung (GFE-1 and GFE-2). skin (CVALCREACGEGC), and pancreas (SWCEPGW ('R phagc.

Error bars show standard deviation of the mean from triplicate platings.

brary. The number of TU recovered from lung tissue markedly
increased in the second and third rounds of selection, whereas
the number of TU recovered from the kidney and the brain,
which were used as controls, remained largely unaffected. In
an earlier study, we observed an increase in phage homing to
kidney and brain when targeting specifically these organs (20).
The enrichment in the number of phage homing to lung upon
selection was consistent and was also observed with libraries
that had the general structures CX;CX;CX;C and CX,C (data .
not shown).

Phage that displayed the same or related peptide sequence
appeared repeatedly in both second and third rounds of the
lung screening. The lung-homing potential of these selected
phage was then characterized further by injecting them indi-
vidually. Four individual phage that homed to the lungs were
identified. Two of these phage, isolated in independent
screens, share the tripeptide GFE. The CGFECVRQCPERC
(termed GFE-1) phage showed 35-fold and the CGFELETC
(termed GFE-2) phage ninefold enrichment in homing to lung
relative to an unselected phage (Fig. 2; Table I). No specific
homing to kidney or brain could be detected. Two additional
lung-homing phage from the CX,C library gave a sixfold
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Table I. Targeting Sequences

Homing (Foll over
Organftissue Displayed sequence unsclected phige)
— None |
Lung CGFECVRQCPERC (GFE-I) 35
Lung CGFELETC (GFE-2) 9
Lung CTLRDRNC 6
Lung CIGEVEVC N
Skin CVALCREACGEGC 7
Pancrcas SWCEPGWCR 6
Intestine YSGKWGW i
Uterus GLSGGRS 3
Adrenal gland - LMLPRAD 4
Retina CSCFRDVCC 3
Retina CRDVVSVIC 2

The relative level of organ homing for cach phage. compared o2 phage
without insert, is shown. Underlined sequences indicate common motifs
displayed from cither lung (double underlined) or retina (siuzle llllllf'r‘
lined). *For retina, the level of phage homing was determined by using
fdAMPLA Y88 ampicilin-resistant phage as an internal control.
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(CTLRDRNC phage) and fivefold (CIGEVEVC phage) en-
richment over unselected phage (Table I). Interestingly, the
EVE sequence in CIGEVEVC resembles the ELE tripeptide
in GFE-2.

T seting of skin with a CX;CX;CX;C library also yielded
enri .d phage homing (data not shown). The pepuide se-
quence CVALCREACGEGC appeared repeatedly in the sec-
ond and third rounds of the selection. When tested individu-
ally. this phage gave sevenfold selectivity for skin over
unselected phage and over the background in brain and kidney
(Fig. 2; Table I). .

In a screen for the pancreas, the sequence SWCEPGWCR
appeared multiple times in the second and third rounds of se-
lecti . Phage displaying this sequence showed approximately
sixfoid enrichment in homing to pancreas compared to unse-
lected phage and the background in the brain was low (Fig. 2:
Table I).

In vivo screens for intestine, uterus, adrenal gland, and ret-
ina yielded phage showing selective homing to these tissues.
The peptide displayed by these phage and the corresponding
enrichment are summarized in Table 1.

I “munohistochemical staining for homing phage reveals
vas. ar localization and organ specificity. Strong immuno-
peroxidase staining for phage was seen in lung vasculature S
min after intravenous injection of the GFE-1 lung-homing
phage (Fig. 3, A and B). Alveolar capillaries were stained.
Whereas bronchiolar walls and some larger blood vessels were
negative. No preference for any anatomical part of the lung
Was seen. Mice injected with unselected phage did not show
staining in the lung (Fig. 3, C and D). The GFE-2 phage was
3_150 ‘ctected by staining in the lung microvasculature, but the
Signal was weaker than for GFE-1 (data not shown). This

Figure 3. Immuno-
histochemical detection
of phage homing to lung
vasculature. GFE-1 (A
and B) or unselected (C
and D) phage were in-
jected (10° TU) into mice
and allowed to circulate
in vivo for 5 min. After
perfusion, tissuc sections
were prepared and sub-
jected to immunoperoxi-
dase staining to detect
phage protcins. In B.
small arrows are pointing
to reprcsénlalive capil-
laries positive for phage
staining. As indicated by
the large arrow, larger
blood vesseis do not bind
GFE-1 phage. Magnifica-
tion: A and C: 100X B
and D: 400X.

weaker staining intensity of GFE-2 agrees with the phage-
counting data, which also showed more lung binding by GFE-1
than GFE-2 (Fig. 2).

The skin-homing phage was detected on blood vessels ot
the hypodermis 5 min after intravenous injection; the dermis
was not consistently stained (Fig. 4, A and B). Injecting an
equal amount of unselected phage caused no staining in the
blood vessels of the hypodermis or dermis (Fig. 4, C and D).
To determine whether the phage had access to the dermal
blood vessels, we injected unselected phage at a 50-fold higher
input than was used with the skin-homing phage and omitted
the perfusion step. Although this procedure gave background
staining in the deep dermal vessels, only occasional vessels of
the dermis contained phage. This result suggests that circulat-
ing phage may not gain sufficient access to the dermal vessels
to cause immunostaining. Thus, the apparent lack of dermal
homing by the skin-homing phage may be due to poor access
of the phage to these vessels rather than lack of a receptor.

The pancreas-homing SWCEPGWCR phage was found
both in capillaries and larger blood vessels of the exocrine pan-
creas (Fig. 5 A) and in the pancreatic islets (Fig. 5 B). Again.
an unselected phage caused no staining (Fig. 5, C and D).

The lung- and skin-homing phage caused no staining in any
of the other organs tested. These organs include kidney, brain.
heart, muscle, lymph nodes, pancreas, intestine, and uterus
(data not shown). The SWCEPGWCR pancreas-homing
phage was an exception; it did give some staining in blood ves-
sels within the uterus. Moreover, we recovered sixfold more
SWCEPGWCR phage than unselected phage from the uterus
after an intravenous injection (data not shown). Thus, this
phage homes both to the pancreatic and uterine vasculatur
All phage, including the unselected phage, caused s@ning\m
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the liver and spleen (data not shown). This is consistent with
the previously described capture of circulating phage by the
reticuloendothelial system (20, 22, 24).

Cognate peptides compete for phage binding in vivo. The

g
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Figure 4. Immuno-
histochemical detection
of phage homing to skin
vasculature. Equaf
amounts of the CVAL.
CREACGEGC phage
(A and B). or unsclecied
phage (Cand D). w5 .
injected into the i vein
of individual mice and
allowed to circulate for
5 min. After perfusion.
sections were prepared
and stained for the pres-
ence of phage proteins.
Magnification: A and
100X: B and D die

enrichment of certain sequences strongly suggested that the
phage homing to target tissues depended on the peptide dis-
played by the phage, and not on some incidental mutant prop-
erty of the phage. To confirm the role of the phage-displayed

Figure 5. Immunohistochemical detection
of phage homing to pancreas vasculature.
Equal amounts of the CWCEPGWCR
phage (A and B), or unselected phage (€
and D). were injected into the tail vein of
individual mice and allowed to circulate for
5 min. After perfusion, sections were pre-
pared and stained [or the presence of
phage proteins. The exocrine pancreas (A
and C) and islets (B and D) are shown.
Magnification: 160X.
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seq: ees in the targeting to specific organs. we constructed
(> asion proteins containing these sequences and used
them as competitors for phage homing in vivo. A dose-depen-
dent inhibition of the GFE-1 phage homing to lung tissue was
observed when the GST-GFE-1 protein was co-injected with
the phage; 500 pg of GST-GFE-1 inhibited phage homing by
70% (Fig. 6). Co-injection of 500 g of GST protein did not af-
fect lung homing of this phage. Moreover, GST-GFE-1 had no
cffeet on the nonspecific recovery of phage from the kidney
(Fiy . Lung homing of the GFE-2 phage was partially inhib-
ited v the corresponding GST-fusion protein. At 500 Be.
GST~GFE-2 inhibited the homing by 30% in several indepen-
dent experiments. Higher concentrations did not improve the
inhibition. The GST-GFE-1 protein at 500 ug inhibited lung
homing of the GFE-2 phage by 60%, but the same amount of
the GST-GFE-2 protein had no effect on the homing of the
GFE-1 phage. Possible reasons for the lack of GST-GFE-2 ef-
fect on the GFE-1 phage homing include that GFE-1 may have
ah. er affinity for a shared receptor, or that the GFE-2 fu-
sion protein may aggregate at higher concentrations.

GST-CVALCREACGEGC inhibited the homing of CVA-
LCREACGEGC phage to skin by 55%. An equal amount of
GST alone had no effect. The GST-CVALCREACGEGC
protein also had no effect on the phage recovery to other or-
gans such as lung and brain. There was no cross-inhibition
among the lung-homing and skin-homing peptides: the GST-
CV' LCREACGEGC protein had no effect on the homing of
the 5FE phage; the GFE fusion proteins did not affect the
CVALCREACGEGC phage (data not shown).

The homing of the SWCEPGWCR phage to pancreas was
"ot inhibited reproducibly by the corresponding GST-fusion
Protein (data not shown). This lack of inhibitory activity could
be due to a difference in the conformation of the peptide dis-
Played by the two systems or to a higher binding affinity of the
Phage-displayed peptide than the GST-fusion protein for their
lig" \d—multivalent display of a peptide can lead to an in-
Crease in binding affinity (16).

lung Kidney

Figure 6. Effect of GST-GFE-1 fusion protein on
GFE-1 phage homing in vivo. GST or GST-
GFE-1. at the indicated amount. were injected
into mice together with 10° TU of GFEA phage.
5 min after injection. phage were recovered from
lung and kidney. Error bars indicate standard de-
viation of the mean from triplicate platings.

Discussion

We show here that vascular beds of a large number of tissues
differ from one another. and we describe peptide sequences—
identified by in vivo screening of phage-displayed peptide
libraries—that are capable of homing selectively to the vas-
culature of the lung, the skin. and the pancreas. Together wit’
earlier results (20). these findings establish a system of tissue
specific individuality of vascular beds.

It may seem surprising that our method consistently vields
tissue-specific homing peptides. rather than peptides that
home nonselectively to any tissue. The phage libraries contain
only few phage displaying of any given sequence. Injecting 10
phage particles into a mouse means that < 100 copies of any
given phage are included. As this is a small number. any phage b
that binds to a ubiquitous endothelial marker will interact with
multiple binding sites elsewhere than in the tissue of interest
and will be rapidly depleted from the circulation. Thus. we be-
lieve that the selectivity is based on elimination of nonspecific
phage binding at nontargeted sites. This would leave only
those phage capable of binding selectively to the intended tar-
get tissue Lo be enriched there.

The potential of in vivo phage display for the identification
of targeting sequences is obviously not exhausted. because we
have tested relatively few types of libraries. Moreover. there
would scem to be a variety of organ-specific markers target-
able by our method. because it often yielded peptides with un-
related sequences that can home to the same vascular beds.
However. as illustrated by the GFE (lung) and the RDV (ret-
ina) motifs, we may have targeted the same molecules repeat-
edly. These results indicate that a given vascular bed may have
multiple specific markers, but that the number of such markers
is finite.

We have, in this study, improved on our homing peptide sc-
lection by perfusing the mice after the injected phage had cir
culated. This reduced the nonspecific background of phage re-
covery. This was particularly useful in the targeting of the
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lungs. which we had previously found to yield high levels of
background phage (20). In this study, we describe a protocol in
which perfusion of the mice after phage circulation allows one
to reduce that background. In addition, perfusion may in-
crease the stringency of the screen, selecting for phage with
higher affinities for the target. Moreover, we have recently de-
veloped an in vivo selection approach that includes noninfec-
tive phage as a competitor to thwart phage trapping in organs
containing reticulo-endothelial tissue, such as liver and spleen.
Thus, screening for peptides that home specifically to these tis-
sues may also be possible (R. Pasqualini, E. Koivunen, and E.
Ruoslahti, unpublished results).

It is interesting that the binding motif in the targeting pep-
tides is often a tripeptide that appears in different sequence
contexts. In in vivo screens for brain-homing phage the SRL
tripeptide was found in several peptides (20). In the present
work. we found a GFE motif in two lung-homing peptides and
an RDV motif in two retina-homing peptides. In a different
but related situation, the RGD motif is known to be important
for integrin binding in distinct molecular contexts (25). Thus,
many adhesive interactions seem to derive their specificity

" from tripeptide recognition motifs.

Our homing peptides bind to the vasculature in the target
tissues. Earlier results have documented that for peptides
homing to the brain, kidney. and several tumors (20. 22. 26).
Thus, the vasculature of many tissues carries a tissue-specific
signature in the form of markers that can be detected by our
phage display-based method. In some organs, such as pan-
creas and uterus, this signature may be shared by unrelated tis-
sues. We have also obtained peptides that target the prostate
with high selectivity (W. Arap, R. Pasqualini. and E. Ruoslahti
unpublished results). Thus, including the brain and kidney
homing reported earlier (20), the prostate and the seven or-
gans reported here, the total number of organs targeted so far
is ten. Given that we have been successful with every organ we
have chosen to target, one can speculate that all tissues may
“label” their vasculature with distinct markers.

There are other reports on tissue-selective molecular dif-
ferences in endothelia (27). Possibly related to our findings on
specific phage homing to the lung, dipeptidyl peptidase has
been found to be expressed selectively in the lung endothelium
and to serve as the receptor for a lung-metastasizing tumor cell
line (28). Recently, Ghitescu et al. developed antibodies spe-
cific to the plasma membrane of rat lung microvascular endo-
thelium (29). Two of the proteins detected by their antibodies
show similar tissue distributions to our GFE phage. Direct
comparison of the target molecules for the antibodies and our
peptides is underway to resolve the question regarding their
identity or dissimilarity. Moreover, surface protein differences
have been detected by Dolichos biflorus agglutinin binding
(30) and in situ glycoprotein labeling in endothelial surface
proteins from liver. kidney, and brain (31). Finally, Aird et al.
(32) recently showed that expression of the von Willebrand
factor by endothelial cells can be regulated by organ-specific
transcriptional pathways. These observations are in agreement
with our results. However, the extent of tissue-specific molecu-
lar individuality of various vascular beds revealed by our data
is unprecedented.

Our data also reveal molecular heterogeneity of the endo-
thelium within a given organ. In the lungs, the GFE-1 and
GFE-2 phage stained mainly capillaries rather than larger
blood vessels. Interestingly, in the embryonic lung, capillaries
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do not arisc as extensions of major blood vesscls growing frop
the heart. Rather, the angioblasts within the fung giv.e o (o
capillaries that eventually become linked to extensions oy gy,
major blood vessels (33). Thus, our results may begin 10 defip.
eale the molecular correlatives of such changes.

Our group has recently used in vivo selection of phage dgjs.
play libraries to isolate peptides that home specifically (o .
mor blood vessels (26). When coupled to the anticancer drug
doxorubicin, these peptides enhanced the efficacy of the drug
against human breast cancer xenografts in nude mice and algg
reduced its toxicity. Thus, our tissue-specific homing peptides
may not only contribute to a better understanding of endothe.
lial biology. but can also provide molecular tools for targeting
individual vascular beds with diagnostic probes and lhcrapeu\.
tic substances.
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RESULTS OF BACTERIOPHAGE TREATMENT
OF SUPPURATIVE BACTERIAL INFECTIONS

1. General evaluation of the results

by
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KUucHAREWICZ-KRUKOWSKA, MAREK DABROWSKI and REGMA BISIKIEWICZ
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53-114 Wrochaw

One hundred and thirty eight septic cases were treated with specific bacteriophages.
According to the International Classification of the Diseases (WHO, 1977), the treated

cases were divided to 9 categories. Nearly all cases were long-term infections with anti-

biotic resistant organisms. Only specific bacteriophages were used in association with

several types of surgical procedure. The technique of treatment is described. In 129
(93.5%) cases the results were good, in 9 (6.5%) cases local improvement was observed.
It is concluded that bacteriophage therapy may be helpful in the treatment of long-term

suppurative infections.

The idea of bacteriophages (phages) application in the treatment of infectious
diseases of bacterial origin is not new. Bacteriophage (phage) therapy was initiated
in 1921 by BRUYNOGHE and MaIsIN * in the treatment of staphylococcal skin dis-
eases. '

However, this new form of therapy of suppurative bacterial infections did not
evoke any special interest during 20 interwar years. o S :

The degree of interest with phage therapy showed substantial fall together with -
the introduction of sulphonamides and then antibiotics. Renewed interest in this

'problem emerged again 40 years ago and was connected with the appearance of

more and more frequent and difficult for curing infections induced by antibiotic and
chemotherapeutic-resistant bacteria 2.4 This concerned mainly suppurative posto-
perative and hospital infections induced not only by antibiotic-resistant Staphylococci
but also by Gram-negative bacteria as: Pseudomonas, Klebsiella, Escherichia Proteus
and, rarely, by otber types of bacteria.

In spite of great interest in phage therapy, majority of reports encountered in
the literature are of casuistic type and those based on vast clinical material evaluat-

ing the curative value of phage therapy, are rather scarce.
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The present work consists of two parts. The first one analyzes-the results of appli-
cation of bacteriophages in 138 cases; the second, prescnts a detailed analysis of
phage therapy in 184 categories of various diseases diagnosed clinically in 13X
patients treated with bacteriophages.

MATERIALS AND METHODS

Characteristics of the investigated groups of patients

Phage therapy was applied in 138 patients with septic infections resulting from either idiopathic
infections or post-operative complications. Age and sex of patients subjected to phage therapy
is presented in Table 1. The age 21 —77 years was predominating (789, patients). The ratio of men to
women was almost equal, the number of men being slightly predominating (55.8%:44.2%). The
classification into categories was based on the recommendations of the World Health Organization
presented in the publication: “Manual of the Infernational Statistical Classification of Disseascs,
Injuries and Canses of Death™, vol. 1, WHO, Genewa 1977¢. The number of nosologic units in
particular categories is depicted in Table 2. )

Table 1. Age.and sex of paticnts treated with bacteriophages

Age of No. of Sex

patients cases M F
Upto 1 year
of age 6 (4.4%) 2 4
1—-5 11 (8.0%) 5 6
6—10 5 (3.6%) 1 4
11-20 18 (13.0%) 11 7
21-30. 30 21.7%) 19 11
31—-40 . 15 (10.9%) 10 5
4-50 23 (16.7%) 14 9
51—-60 14 (10.1%) - 6 8
61—70 15 (10.9%) 9 6
Above 70
years of age 1 (0.7%) 0 1
Together 138 77 (55.8%) 61 (44.2%)

Phage therapy was carried out in 10 clinical and hospital departments, mainiy on surgical depar-
tments (Institute of Surgery, Medical Academy, Wroclaw: Cardiosurgery Clinic, Children Surgery
Clinic, Orthopaedic Clinic; Institute of Internal Diseases: Nephrologic Clinic, Clinic of Pulmonary

Discases; K. Diuski Lung Disease Hospital, Wroctaw : Department of Immunotherapy; T. Marciniak

Hospital in Wroclaw: Department of Children Surgery; Hospital and Polyclinic of KWMO in
Wroclaw: Traumato-Orthopaedic Department; Department of Traumato-Orthopaedic Surgery of
Z0Z in Lubin; Department of ZOZ Surgery in Olesnica; Provincial Hospital of Locomotory
Organs Discases in Kamienna Gora).
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Table 2. Discase categories according 1o the Internatidnal Classification of Discases (WHO, 1977)

Dissase category Number of
cases
1. Infectious diseases : ] . 2 1.4%
III. Immunological disorders: (humoral, cellular) . o 2 1.4%
VIT. Diseases of the circulatory system (varicose ulcers of lower-extremities) 8 5.8%

VIIL. Disease of the respiratory system (mucopurulent inflammation of the upper
respiratory tract, pneumonia, bronchopneumonia, suppurative pericarditis,
: 17 12.3%

mediastinitis) . )
IX. Diseases of the digestive system (diseases of the oral cavity, suppurative peri-
tonitis) 17 12.3%
X. Diseases of the genitourinary system (glomerulonephritis, urinary tract infec-
tions) B : . . 6 4.4%
XII. Diseases of the skin and subcutaneous tissue (furunculosis, abscesses cutis,
decubitus ulcer) ' ' ’ - 20 14.5%
XI11. Diseases of the musculoskeletal system and connective tissue (pyogenic arthritis,’ :
infective myositis, postoperative ostitis) ' 31 22.5%
XVII. Injuries (contusions, postoperative wounds, burns, open wounds, pyogenic
infections after fracture of ‘bones) . ’ i 35 25.4%
Total ’ 138

Characteristics of infections in the patients examined

Out of 138 cases investigated, in 90 monoinfections and in 48 — polyinfections were confirmed
Most frequent cause of monoinfection (Table 3) were pyogenic Stuphylococci (67.7%), rarely Pscudo-
monas (14.4%), Escherichia (10.0%) and Klebsiella (10.0%) bacilli.

In the cases of polyinfection (Table 4), beside Pseudomonas aeruginosa (60.4%), most commonly
(solated were pyogenic Staphylococci (70.8%). Rarely occurring were: Escherichia (33.3%), Klebsiella
§31.20%), Proteus (20.2%) bacilli. The remaining microorganisms Were isolated sporadically.

Table 3. Species of bacteria in xﬁonoinfections

Species of bacteria No. of cases
{n = 90)
Salmonella enteriditis 1 11%
. Shigella sonnei ‘ 1 1.1%
Staphylococcus pyogenes 61 67.8%
Klebsiella pnewmoniae 5 5.6%
Escherichia coli 9 10.0%
Proteus valgaris 0
Pseudomonas aeruginosa 13 14.4%
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Table 4. Specics of bacteria in polyinfections

. . Number of cases

Species of bacteria (@ = 48)
Staphylococcus pyogenes 34 70.8%
Klebiella pneumoniae 15 31.2%
Escherichia coli . 16 33.3%
Proteus vulgaris 14 29.2%
Pseudomonas aeruginosa 29 60.4%
Streptococcus fecalis 2 4.2%
Enterobacter sp. 2 42%

Characteristics of bacteriophages applied

Origin of bacteriophages*. In the experiments the usc was made of 259 virulent bacterophages
including 116 for Staphylococcus of human and animal origin, 42 for Klebsiella, 39 for Escherichia.
30 for Shigella, 20 for Pseudomonas, 11 for Proteus and 1 for Salmonella enteritidis. In the course of
therapy 52 Staphylococcus bacteriophages were used, 20 for Escherichia, 17 for Klebsiella, 17 fot
Pseudomonas, 4 for Proteus and for Shigella and Salmonella — one for each.

During therapy the use was riade of the lysates of virulent bacteriophages which caused a total
lysis of the sensitive bacterial strains isolated from the patients.

balarwn oj bacterial : xzmm: fm; parxenn and deter;umtxan o? tlxe;r ;e;mtn'xty 10 bactenophaga
The badena from 18 h broth culture were passaged in broth and after 4 h incubation at 37°C (shaker),
2—3 mi of the suspension was sneared on a dried plate with WasL et al. 7 medium (for Staphylococci)
and on agar plates with phosphate buffer (for Gram-negative bacteria); an excess of the suspension
was removed. One drop of bacteriophage (corresponding to the type of strain isolated) was applied
to each plate after drying (30 min). For typing, the phages were diluted 1:10. The plates were incu-
bated at 37°C for 4 h in the case of Staphylococcus, for 2—3 h with Escherichia, Shigella and Kleb-
siella and for 4— 5 h with Pseudomonas. Thereafter, the plates were transferred into refrigerator and
the result was read on a following dg_):_ .

g}’rvpagaan of Staphylococcus: béZrenoplmgcs After selection, t‘he phagﬁ ihringing about a total
dysxs on'théstrain 156lited from patient, were propagawdsm 0.5 miflasks containing 300 m! of broth,
5 m! of 30% glucose and 2.5 ml of 18 h Staplxylococcus broth culture. After 1 h incubation at 37°C
either 5 ml of phage lysate or agar from the spot showing full lysis, were added and the mixture was
reincubated on a shaker for about 3 h. The strain culture on the same medium but without phage
addition constituted the control. After lysis the flasks were stored overnight in a refrigerator. On the
following day, the Iysate was tested for the phage presence. If the lysate was turbid, it was centrifuged

" for 1 h at 3,500 rpm. After confirmation of the phage presence, the lysate was titrated and thymol -

crystal was added to kill the remaining bacterial cells. After 3-day storage in a refrigerator, the lysate
from above thymol was collected and poured into ampouls, 10 ml to each and tested for sterility.
Propagation of bacteriophages for Gram-negative bacilli (Pseudomonas, Klebsiella, Escherichia,
Proteus, Shigella and Sal! [la). Pseudomonas phages were propagated in 10 ml of peptone water
to which a young (4h) bacterial culture in amount 1—2 ml and 5 ml of phage lysate, was added. The
control consisted of a flask with the same medium but without the phage. After completion of the
lysis the flasks were transferred into refrigerator. On the following day, the lysate was tested for the

_ presence of phage. To kill the remaining bacteria, 2 ml of chloroform. was added to the lysates,

* The bacreriophages came from the collection of the Bacteriophage Laboratory of the Institute
of Immunology and Experimental Therapy Pol:sh Academy of Sciences, Wroclaw.
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shaken for 2 min, Jeft for 2 h at room temperature, transferred into refrigerator and on the next day,
the lysate from above chloroform was collected, poured into ampoules and tested for sterility.

Propagation of the remaining Gram-negative bacilli was carried out similarly except that
the bacteria were cultured on broth instead of peptone water. Incubation Jasted for 2 h and the pro-
pagations process of phages — about 3 h.

Therapeutic use of bacteriophages. Bacteriophages werg administered orally 3 times a day, in
amount of one 10 ml ampoule, 30 min before meal, after peutralization of the gastric juice (gelatum,
baking soda or a glass of Vichy water). When applied directly on a wound, moist applications were
recommended 3 times per twenty four hours.

When the phage was applied locally, it was made sure that the wound was not washed with any
antiseptics to prevent inactivation of phages. If necessary, aseptic broth or physiological salt solution
was used. ) )

The bacteriophages were stored at +2 — =4°C. Intravenous administration of phages was
not recommended for fear of possible shocks. :

Clinical evaluation of the treatment

In the course of treatment regular bacteriological control and evaluation of sensitivity of the
isolated bacteria to the bacteriophages aplied were carried out. If necessary, the bacteriophage was
changed. In the case of 2 negative culture, the phages were continued to be applied prophylacticaily
for 14 days. ’ : -

Final evaluation of phage therapy was based on the notes from case history and on the data
from a special inquiry. The inquiry was filled by a therapeutist and sent to the Institute of Immuno-
logy and Experimental Therapy, Polish Academy of Sciences in Wroctaw. The results of the treatment
were evaluated by a therapeutist.

The results of phage therapy were evaluated according to four-degree scale: + 4+ + outstand-
ing effect manifesting by a compiete recovery, + - marked effect manifesting by a complete
healing of the local lesions and liquidation of the suppurative process, ++ marked improvement of
the local state with a tendency to healing of the lesions and negative result of bacteriological culture,
- trapsitory improvement of the local state. In the last group the evaluation met with some diffi-
culties.

These cases “difficult for evaluation™ are separately discussed.

Elaboration of the results obtained

The results obtained ‘wv:xc used for the elaboration of a computer program. This program was
written in ALGOL 1900 language for Odra 1300 computer seriesand set to work at the Computation

Center at Wroctaw Technical University. The source program together with its numerical and tech-

nical characteristics is at disposal at the Institute of Immunology and Experimental Therapy, Polish
Academy of Sciences, Wroctaw. :

Statistical evaluation of results was based on the following tests:

1. Chi-square goodness of fit test® :

Number of .degrees of freedom r = k—1.
2. rtest of the differences between means from two independent samples !, assuming that
2 L
a3 = 63!

f ]

Veilees)
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Number of degrees of freedom r = my+u—2.
3. Test of inference on the basis of frequencies ™

. [f—’lﬂ.tal— l/g.

Vo (1—5)
¢ .
4. Test of comparison of two frequencies of independent samples *.

Py—p:

Yullsd)

5. Chi-square test of independence between two variables *:

. E—O) ) (E—0il—-1/2)?
pPr=—— o Y=
0O; O;

with Yate’s correction.

Number of degrees of freedom: .

r = (k—1) (w—1) k — number of columns,

. w — number of rows.

6. chi-square test of independence between two variables 3 taking into account the frequencics

for the table “w.2” :
()

2=y -
n; Xm

w — number of rows,
Number of degrees of freedom: r =w — |
7. Wilcoxon two-sample test for ranked observations®

"
W= Zr,-.

i=1
RESULTS

Noteworthy is that in 125 cases (90.6%) out of 138 treated, phage therapy was
performed on patients resistant to ‘antibiotics and chemotherapeutics as the only
way of inhibition and control of the infection. Only in 13 patients {9.4%) not treated
previously with antibiotics, the bacteriophages were used.

Of 138 cases treated with bacteriophage , in 129 (93.5%) a good therapeutic result
was obtained manifesting by a control of the infection and healing of the local lesions
(Table 5).

Table 5. General evaluation of phage therapy

Result of treatment
-+ +4 +++ ++++

No. of cases

138 9 8 99 2
. Percentage 6.5% 57% 71.7% 16.1%
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‘Statistical evaluation of the results obtained during phage therapy was based on
the chi-square test of goodness of fit (test 1) and on the test of inference on the basis
of frequency (test 3). The results evidence that the effect of phage therapy in 138 sub- .
jects was not accidental, and point to great efficacy of the treatment (test 1) X* =
164.3, p < 0.001 with r = 3). As observed, in majority of the patients treated with
bacteriophages, a complete recovery or a healing of the local lesions was obtained
(test 3, u =877, p < 0.001).

Results of phage therapy and the age of patients Py

Results of the treatment in relation to patients’ age are depicted in Tables 6, 7
and 8. Table 6 presents the results of phage therapy, mean age of the patients and
standard deviations. Statistical evaluation of the results obtained was based on the
the t test of the differences between two means from independent samples, assuming
that o> = o%. Number of degrees of freedom — n,--n,—2 (test 2).

As follows from Table 6, the effect of phage therapy is related to the age of pa-
tients subjected to it. For instance, the difference of the average age of patients with

1

Table 6. Age of patients and result of phago therapy

Resuit of treatment

+ -+ 444 A
~ No. of patients ‘ 9 8 99 22
(n = 138) 6.5% 5.7% 71.7%  16.1%
. Average age (AA) ‘ 45.7 369 32.1 32.6
Standard deviation of age (SD) 16.2 2t.1 20.2 20.1

Table 7. Age of patients divided into 4 categories and result of phage thcrapy

Result of 0- 20 40- 60- No. of cases
treatment :
- 1 2 4 2 9
S+ 1 4 1 2 8
4+ 30 31 27 11 99
++++ 6 7 6 3 22
No. of cases 38 44 38 18 138

Calculation of estimated fractions and their errors

Age 0- 20- 40- 60-
Fractions 0.05 0.14 0.13 0.22
£0.001 0004 0003 = 0.00%
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Table 8. Result of treatment of suppurative infections in infants and children aged up to 5 years

Result of treatment

Disease No. of cases - - —
category + 4+ A+t Rttt

1
1 4 1

1 -
Vi
X
X
X1
X1
Xvii

N W L e e O\ e

DW=

17 113 3

a transient improvement of the Jocal state (+) and the average age of the completcely
cured patients (+-----+) was as high as 13.1. To check whether the relation between
the effect of phage therapy and age observed in the study, is significant for the whole’
population, the use was made of the ¢ test with right-hand critical region to comparc’

the average age of not completely cured patients (group -+, ++ with average ape

41.6) with that of completely cured (group +-+-+ +++F with average age 32.2).
The obtained value (r = 1.81, p < 0.07 withr = 136) confirms the statistical signi- -

ficance of the dependence between phage therapy and age of the patients.
Table 7 presents 2 number of patients with various effect of treatment: <. -

44+, +-+--+ depending on age group. Patients from -+ and - groups were '
regarded not completely cured and from +-++ and +------ groups — completely i
cured. A question arose whether the number of not completely cured patients had
a tendency- to increase with age. Estimated fractions and their standard errors werc |

calculated from the formula:

Vqui N
n;

A marked difference is observable between the extreem age groups ie. 0—19
years and above 60. The former included only 5% of not cured patients and the

latter — 22% In the group 20— 39 years and 40—359 years participation of the not

cured . patients ranged from 13 to 14%,.
Of particular importance is a possibility of bacteriopbage application in the
treatment of intestinal and suppurative infections in infants and in 1—5-year-old

children. The investigated group included 6 infants aged from 2.5t0 6 months and
11 children aged from 1 to 5 years. In all the cases phage therapy gave very good ,

results. Full characteristics of these groups is depicted in Table 6.
The results obtained in the group of children up to 5 years old confirmed the

earlier observed dependence between the age of patient and the result of phage -
therapy. In this age group as much as 95%, of cases were completely cured. As follows
from the statistical evaluations (u =339, p < 0.001), such good results may be

expected in all children up to 5 years old.
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Group of infants from 2.5 to 10 months old

2% A.S.Q5months old Burns of upper extremity, amputation of a finger, acute
(Q41.1. 041.3)** suppurative inflammation of the middlc ear and septi-

cemia; treatment with antibiotics ineffective.  Phages
were applied locally on the lesion for 8 weeks (moist
application), as eye drops for 5 weeks and orally for 5-
weeks; Complete healing of the local lesions (i i 1).

50. K.X @ 7 months old Prneumonia, diarrhea; ineffective treatment with antibio-

(041.1)

tics; phages applied orally for 1 week (without simulta-
neous antibiotic administration), serious state, complete
recovery from pneumonia and diarrhea (+-1 1)

59. K.A.92.5 months  Pneumonia, thoracic empyema treated ineffectively with
old (041.1 041.7) antibiotics; phages administered orally for 4 weeks and

applied Jocally (on the lesion, to the fistula and drainage
of thoracic cavity) for a week; marked improvement

(;.'_
WA

72. M.D. & 6 months  Suppurative skin inflammation, mucopurulent conjunc--

old (041.1) tivitis; angibiotics ineffective; phages administered orally
for 3 weeks and applied locally on the lesion for 1 week;.
, complete healing of the local lesions (+--)-
102. S.P. 3 4 months Furunculosis; antibiotic treatment ineffective; phage:
old administered orally and locally for 3 weeks; complete:

recovery (+-+++).

111. S.E. 210 months Pneumonia, thoracic empyema; acute inflammation of”
old (041.1, 041.7)  the middie ear; treatment with antibiotics ineffective;.

. phages administered orally for 4 weeks and applied lo-
cally (on the lesion and to the fistula) for 3 weeks; com~
plete healing of the local lesions (++-F)-

Group of children aged from I 1o 5 years

5. B.E.25 years old Acute osteitis, persistent postoperative fistula; treatment.

(041.1)

* Casc number.
»* Explanations of the symbols:
003.0 infection induced by Salmonella enteritidis

004.0

041.0 .
041.1 »
041.3 '
041.4 v
041.6 ve

041.7 .

with antibiotics ineffective; phages administered orally’
for 16 weeks and applied locally on the Jesion and to the:
fistula for 12 weeks; complete healing of the local lesions.
(+-+++). Simultaneous administration of antibiotics.

Shigella sonnei
Streptococcus
Staphylococcus
Klebsiella
Escherichia
Proteus
Pseudomonas




276

6. B.A. 3 1.5 years old

13,

“36.

43,

49,
-52.

53,

82.

(041.1, 041.4, 041.6)

CH.P. 3 3 years old
(041.7)

G.T. 3 4 years old
(041.7) '

M.M. 24 years old

(041.1)
K.A. ¢ 1.5 years old
(041.1)

K.A. %4 years old
(041.7)

K.E. & 1.5 years old
(004.3)

. K.S. 8 2.5 years old

(041.4)

P. K. 2 1.5 years old
(041.3, 041.7)

137. Z.P. 3 3 years old

(041.1, 041.7)

- S, SLOPEK ET AL.

Acute osteitis, persistent post-operative fistala; treatmerff-
with antibiotics ineffective; phages administered orall
(15 weeks) and locally applied (on the lesion and to the.
fistula) for 12 weeks, complete healing of the lesiong
(+++).,

Urinary tract infection; imeffective treatment with antir
biotics; phages administered orally for 2 weeks; complete
sterilization of urinary tract (+44).

Acute osteitis, persistent post-operative fistula; ineffect
tive treatment with antibiotics; phages admmlsten,d

" orally for 8 weeks; complete healing of the local lesionS

(-++) .
Mucopurulent bronchitis; ineffective treatment with:
antibiotics; phages administered orally for 4 weeks.

" complete recovery (+-++)-
‘Furunculosis of the face; ineffective treatment with anti-

biotics; phages administered orally for 5 weeks and
applied locally (on the lesion and to the fistula) for 3
weeks; complete healing of the local lesions (+-+-i )
Acute pancreatitis (disturbances in absorption), pneu:

" monia; ineffective treatment with antibiotics; phages

administered orally for 3 weeks; complete recovery
(+4+). ’

Dysentery; not treated with chemotherapeutics; phages
administered orally for 1 week; completc recovery

(++-+-+).

Pneumonia, thoracic empyema with fistula; inéffective
treatment with antibiotics; serious state; phages admi-

nistered orally for 2 weeks; complete recovery (-
Pneumonia, thoracic empyema - with fistula, mcﬁ'ectm.
treatment with antibiotics; phages administered orally
for 7 weeks and locally applied on the wound and to the
fistula for 7 weeks; full recovery (--+-).

Fracture of fornix of the scull- with fistula and purulent
subscleral posttraumatic hematoma, contusion of heel;
ineffective treatment with antibiotics; phages applied
orally and locally for 4 weeks; full recovery (++-+).

- Results of phage therapy and sex of patients

Result of phage therapy in relation to patients’ sex is illustrated in Table 9.

“Statistical evaluation was based on the chi-square test for two-by-two contigence
:table with regard to frequencies (test 6).
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Tuble 9. Sex of patients and result of bacteriophages treatment

Resuit of treatment

QX et o e+ e T Total
-+ L1 A 4
No. of
4 . cases 4 3 43 11 61
s 6.6% 490,  M05%  18% 442%
O
B AA 528 26.4 311 322
SD 89 20.1 25 20.8
No. of
, cases 5 5 56 11 77
—23 6.5% 6.5 T2T1%  143%  55.8%
AA 40.0 432 328 329
SD 183 19.0 182 194

To test the above dependence, 2 comparison was made within the group of com-
plétely cured patients (+---+--) since this group displayed most substantial diffe-
rence in the effect of treatment between men and women (3.7%). However, no
dependenoé between sex of patients and effect of phage therapy was noted =
0.36, p ) 0.05 with r = 1).

Results of phage therapy in mono- and polyinfections

Effectiveness of phage therapy in mono- and polyinfections is illustrated in
Tables 10-15.

Table 10 presents a general comparison of phage therapy in relation to a type of
infection (monoinfections, polyinfections), average age of patients and standard de-

Table 10. Result of phage therapy in mono- and polyinfections

Result of treatment
Type of infection ° No. of
4+ +4++ F++++  cases
£ No. of '
§ cases 5 3 .67 15 90
= 5.5% 33%  744% 16.3%
[=]
& AA 333 420 31.8 30.7
=z sp 1.5 175 19.5 195
;-:- No. of .
g cases 4 5 32 7 48
& 83% 1049  667%  14.6%
= = .
;3: AA 60.5 338 327 36.7

SD 5.5 224 21.7 20.0
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viation of age. Statistical evaluation of the results obtained was based on the chi-
square test for two-by two contingence table with regard to frequencies (test 6).

The values of * test were calculated for all the degress of recovery (-/_i =0.39,
vi . =218, 1y =089, rns = 0.16).

The results obtained did not confirm the possible differences in the effect of

phage therapy in mono- and polyinfections (p > 0.05).
Table 11 contains the data concerning results of phage therapy in 90 monoinfec-
tion cases in relation to a species of bacteria that induced the monoinfection. Duc

Table 1]. Monoinfections and result of treatment

~ Result of treatment No. of
+ +4+ +++ ++++  cases

Species of bacteria

041.1
Staphylococcus 5 2 43 12 62
68.9%
041.3 :
Klebsiella ] 0 1 4 0 5
5.6%
041.4 )
Escherichia 0 0 8 1 9
10.0%
041.6
Proteus 0 0 0 0 0
041.7
Pseudomonas 0 0 12 0 12
. 13.3%
004.3 Shigella 0 0 0 1 1
: %o
003.0 Salmonella 0 0 0 1 1
Number of cases 5 3 67 15 90
Average age (AA) 33.8 420 318 30.7
Standard deviations of age (SD) ‘115 175 195 19.9

to a high number of monoinfections induced by Staphplococci a question arose wheth-
er the majority of monoinfection is induced by Staphylococci. analysis was based
on the test of inference on the basis of frequencies (test 3). The obtained u valuc
(u = 14.65) allows to infere that most monoinfections is caused by Staphylococci
(p < 0.001). .

Another problem to solve was whether there is any difference in the effect of the
monoinfection. Statistical analysis was based on the chi-square test for two-by-two
contingence table with regard to frequencies (test 6). Considering two groups of
patients: + and ++, —+¢ and +--+-+, no difference was observed in the effect
of phage therapy of monoinfections induced by: Staphylococcus and Pseudomonas,
Klebsiella and Pseudomonas, and also Escherichia and Pseudomonas. An example of
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analysis of Staphylococcus and Pseudomonas infections looks as | ullows. 2 for
2x 2 contingence table w1th regard to frequencies, r = 1 32, 1.49 Yios == 3.84
p > 0.05.

There is no significant difference in the effect of phage therapy applicd in monoin-
fection induced by Staphylococcus and Pseudorhonas.

Table 12 contains data concerning a frequency of occurrence of particular bacterial
species in polyinfections. In statistical analysis of the results obtained, two bacterial

Table I12. Polyinfections and result of treatment

Result of treatment No. of
+ 4+ +++ ++++ cases

Species of bacteria

041.1
Staphylococcus 1 5 22 7 35
: . 72.9%
0413
Klebsiella 3 0 13 0 16
' : 33.3%
041.4 .
Escherichia 3 1 10 2 16
' : 33.3%
041.6 :
Proteus 2 0 10 2 14
29.2%
041.7 , '
Pseudomonas 2 4 20 -3 29
, 60.4%
-041.0 0 O 2 1 3
: Srreémcoccux : 10.4%,
041.8 Other species 0- 0 1 1 2.
‘No. of cases . 4 5 32 7 43
Average age (AA) - 605 338 327 367
Standard deviation of age (SD) 55 24 217 20.0

species (Staphylococcus and Pseudomonas), most frequently represented on the
material investigated, were considered. Of interest was whether on the basis of the
results obtained in a group of 138 cases, it may be inferred that among all polyin-
fections, majority is induced by the above bacteria occurring together or in combi-
pation with other microorganisms. Statistical analysis was based on the test of
inference on the basis of frequencies (test 3).

The obtained results: a) for Staphylococcus v == 11.3, p < 0.001, b) for Pseudo-
monas u = 8.9, p < 0.001, confirmed that the inference was correct in both cases. -

Another worth noting problem was whether the bacteria being a cause of monoin-
fections and occurring together with other bacteria (polyinfection) may bring a sta-
tistically significant difference in the effect of phage therapy. Statistical analysis of
the joined groups + and ++-, 4-++ and +-+-++ was based on the chi-square
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test of independence between two variables with r =1 (test 5). Effect of phage
therapy in mono- end polyinfections was compared for four bacteria:

a) Staphylococcus (y* = 0.56, p » 0.05),

b) Klebsiella (x> =0.02, p > 0.05),

¢) Escherichia (¥* =1.06, p > 0.05),

d) Pseudomonas (y* = 1.58, p > 0.05). :

For all the above: organisms, no dependence between the type of infection and
the result of treatment was observed.

Another problem of our concern was whether a given bacterial species occurs
with equal frequency in mono- and polyinfections. Statistical analysis was based
on the test of comparison of two frequencies from independent samples (test 4).
0411 uy, =049  ugee; =329 p> 005

Staphylococeus (041.1) occurs equally frequently in mono- and polyinfection.
041.3 U =423 Yoo =329 p<0.001 :

Klebsiella (041.3) occurs more frequently in polyinfection.

0414  uy, =335 uggy =329 p<0.001

Escherichia (041.4) occurs more frequently in polyinfection.
0417 1w, =576 Uggy =329 P <0.001

Pseudomonas (041.7) occurs more frequently in polyinfection.

The influence of age and sex to the appearance of monoinfection and polyinfec- .
tion was also subjected to statistical analysis (Tables 13 and 14). In the case of age

. Table 13. Age of patients with mono- and polyinfeétions

) Age
Type of infection  average age standard’ deviation
(AA) (SD)
Mono- n=9%0 320 19.2
Poli- n=48 357 219

Table 14. Sex and mono- and polyinfection

Type of infection

Sex .
mono- poli-
- Females 41 20 61
67.2% 32.89%
Males 49 28 77

63.6%  36.4%

the use was made of the t-test of the differences between two means from independent
samples assuming that ¢? = o3 and in the case of sex the chi-square test of indepen-
dence between two variables (test 5) was applied.
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In both cases no dependence between the investigated traits and infection type-
was noted (for age: t = 1.03, p > 0.05, for sex > =0.19, p > 0.05, »with r= 1)..

Result of phage therapy and severity of infection course

State of the patients at the beginning of phage therapy is presented in Table 15..
Statistical analysis of the results obtained was based on the chi-square test of inde-
pendence between two variables (test 5). No significant dependence between the-
result of treatment and patient’s state at its beginning was noted (y* = 1.47, p > 0.05,.
with r = 6). :

Table 15. Severii)"of the disease and result of the treatment

State of patient at the beginning - Result of treatment No. of
of therapy + ++  +++ +4++  cases
4 3 41 9 57
Without disturbances in 7.0% 53%  T1.9%  15.8% . 41.3%
gencral state AA 4607 343 324 384

SD 155 202 204 183

2 2 %7 10 51
3.9% 39%  T72.6%  19.6% 37.0%

Medium state
AA 320 50.4 30.3 240
SD 16.0 271 . 205 18.6

3 3 21 3 30
10% 10% °  70% 10% 21.7%

Severe state
AA 543 304 343 437
SD 98 - 271 194 18.6

- Results of phage therapy and resistance to antibiotics

Phage therapy was performed on 125 patients (90.6%,) in whom antibiotic treat—
ment appeared ineffective and the bacteria showed resistance to most of the antibio--
tics applied (Table 16). Antibiotic-resistant group was compared with a small, not
treated with antibiotics group of patients. It included 13 subjects (9.4%).

Statistical analysis was performed on the basis of the chi-square test of indepen--
dence between two variables (Test 5).

Cos =476 - Yhos =781  for r =k—1 =3 degrees of freedom p > 0.05
The result of treatment is not significantly related to whether antibiotic treatment was.
ineffective or pot applied prior to phage therapy.

Among 138 bacteriophage treated cases, 125 were antibiotic-resistant (Table 17).
An attempt was made to answer a question whether it may be inferred that an increa-
se in the number of patients would bring about an increase of ‘cases resistant to anti-
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Table 16. Resistance to antibiotics and result of therapy

Result of treatment Né. of

Antibiotic treatment before
bacteriophage application + ++ L4+ 444+  cascs
S .6 93 17 125
Inefiective 1.2% 48%  74.4%  13.6%
AA 457 324 31.8 33.0 90.6%

SD 162 20.7 20.3 20.1

0 2 6 6 13
1539  462%  38.5%

‘No treatment -
AA 50.5 36.0 313 "
9.4%

SD 15.5 17.6 20.3

Table 17. Resistance to antibiotics and result of therapy

Result of treatment
+ + +4+4+ ++++

Total

Cases treated with bacterio~
phages 9 8 99 22 138
6.5% 5.7% 71.7% 16.1%

-Cases resistant to antibiotics

and treated with bacteriophages 9 6 93 17 125
729 - 4.8%  T4.4% 13.6% ’

biotics. To this end the test of inference on the basis of frequencies.(test 3) was ap-
-plied. o
Ugps = 945 Upen =329, P< 0.001

‘Among all the patients the percentage of those resistant to antibiotics would be
.about . 90%. ‘ ,

Applying the same test it was attempted to check whether among 2 great number
-of patients, the number of cured subjects with +-+- and -+ -+ result would be
.as high as in the investigated group (110 cases cured with +--F and +-+4++
result and 125 cases resistant to antibiotics). According to ‘the results of our calcu-
lations the positive effect of treatment can be also obtained among a great number of
patients resistant to antibiotics (u = 8.41, p < 0.001). '

Result of phage therapy in combination
- with antibiotics and without antibiotics

Table 18 compares the results of bacteriophage application in the combination
with antibiotics and without them. It was decided to test whether phage therapy is
more effective with or without antibiotics. Statistical analysis of the results obtained
was based on the chi-square test with r =1 (test 5).




BACTERIOPHACE AND BACTERIAL INFECTIONS I 283

Table 18. Bacteriophage treatment in combination with antibiotics and without antibiotics

Result
Treatment - - .. No. of
+ 4+  +++ ++-++ cases
No of
5 8 patiens 5 8 ‘59 18 %
;9_ 2 5.5%, 8.8%  65.5%  202%
FE AA 36.4 369 326 356
sD 142 21.1 20.6 21.0
§ No. of
:g patients 4 0 40 4 43
E 83% 83.4% 8.3% '
£ AA 57.3 0 313 19.0
=3 SD 9.9 0 19.5 45

Group cured with ++ result:
e =308 xles=2384, p>005

The difference observed is statistically nonsignificant.

Group cured with 4+ result:'1

Yous =484 yhos=3.84, p <0.05.
The difference observed (to the advantage of the treatment with antibiotics) is statisti-
cally significant. . '

Group cured with 4-4-+- result:

Ve =325 yhos=384, p>0.05
The difference observed (to the advantage of the treatment without antibiotics)
is statistically significant.

Therefore, it cannot be unequivocally stated that phage therapy is more effective
in the combination with antibiotics or without them since the differences observed
in its effect vary in particular categories of curing. :

Result of phage therapy in relation
of the route of phage administration

Of substantial importance in phage therapy is the route of phage administration.
In the examined group of 138 patients phages were applied orally and locally (109
cases), orally only (22 cases) and locally only (7 cases). Locally, they were used as
moist applications and in some cases as flow drainagé. General result of phage ther-
apy when the three above routes were applied is presented in Table 19.

The Table illustrates the differences related to the mode of phage therapy appli-
cation. It was of interest to test whether they were significant enough to confirm the
concrete dependence between therapy mode and treatment effect. Statistical analysis
of the results was based on the chi-square test with 6 degrees of freedom (test 5).

Yoo = 142 Y55 = 12.59, p > 0.05
The differcnces resulting from various modes of phage therapy are statistically non-
significant.

2 — Archivum Jmmunpologiae 3/33
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Table 19. Result of phage therapy in relation to bacteriophage administration

Phage therapy No. of Resuit of therapy
cases + -+ +++ +++-t_
local only 7 o 0 4 3
. 60% 40%
oral only 22 2 2 1 7
9% %% 50% 32%
local and oral 109 7 6 84 12
6.4%  5.6% T1% 119% .

No. of cases 138 9 8 99 22

In the group of patients treated with -+-}----- result a great span between the
effect of the local and the local-oral phage therapy was observed. However, the
scarce number of the subgroups did not allow to draw general conclusion.

Oral administration of bacteriophage. In 22 cases bacteriophages were admini-
stered orally only. The result of oral phage therapy is illustrated in Table 20.°

Detailed analysis of the cases treated orally is as follows:

Table 20. Oral phage therapy

Resuit of treatment

No. of cases -—
-+ -+ ++4+ +++T
22%* ‘ 2 2 11 7
131* 9 8 95 19

6.9% 6.1%  T2.5%  14.5%

% Cases treated orally only
*% Cases treated orally and locally

Oral phage therapy

53. K.E.91.5 years old Dysentery (Sh. sonnei), treated orally with phage for
(004.3) 1 week; intermediate state; complete recovery without
relapse {(+—+-+-)- E
79. N.K. Q44 years old  Salmonellosis (S. enteritidis) treated orally with phage
(003.0) for 3 weeks: intermediate state; complete recovery with-
out relapse (+-+-+-)- v
89. P.Z.953 years old Varicose ulcer of veins of lower extremities; resistant
(041.1) " to antibiotics; treated. with phage orally (4 weeks);
complete healing of the local lesions (+++)-
27. D.T.230 years old Pneumonia, Jong-term glomerulonephritis, immunological
(041.1, 041.4) disorders, not treated with antibiotics; phages administer- -
ed orally for 1.5 weeks without antibiotics; full recov-
ery (4--++)- '
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43, H.M. 2 43 years old
(041.1)

50. K.K. 27 months old
(041.7)

61. K.T. 230 years old.

(041.1)

62. X.S.92.5 years old
(041.7)

65. 1.S.930 years old
(041.1, 041.7)

83. P.T. 3 48 years old
(0411, 041.9

114 T. G 948years old' -

“(04L.1) -

52. K.A. @4 years
. (041.7)

13. CH.P. 3 3 years old
041.7)
118. T.A. 27 years old
(041.4)
24. D.Z. 3 32 years old
©041.7)
112. S.D. & 12 years old
(041.1, 041.4)

129. W.P. 3 25 years old
(041.1)

110. S.K. 20 years old
(041.1)

4. B. M. 3 66 years old
(041.3)
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Mucopurulent bronchitis, resistant to antibiotics; phage
administered orally for 4 weeks without antibiotics;
full recovery (+--+-+-)-

Pneumonia, functional diarrhea;. resistant toantibiotics;
phage administered orally. for 1 week; healing of the lungs

lesion (+-++).

Chronic pharyngitis, dxsorders of humoral immunity,

resistant to antibiotics; phage administered orally for
3 weeks; complete recovery (++-+-+ ‘
Ppeumonia, thoracic empyema with a fistula, resistant
to antibiotics; phage administered orally for 2 weeks;
healing of the thoracic: lesion ().

Bronchiectasis, mucopurulent bronchitis, resistant to

_ antibiotics; phages administered orally for 3 weeks;

- marked improvement (+-+).
Bronchogenic pneumonia, chronic ‘glomerulonephritis,

not treated with antibiotics; phage administered orally
for 3 weeks; recovery (-I-+-+). -

Chronic pdnsinusitis, chronic tonsillitis, allergic rhinitis;
resistant to antibiotics; phage -administered orally for
12-weeks; full recovery (+++—;—)

. Pneumonia and acute pancreaﬂtls, postoperauve distur-

bances in absorption, resistant to antibiotics; phage ad-
ministered orally for 3 weeks; bealing of the local

lesions (-+—++).
Urmary tract -infection, resistant to ‘antibiotics; phage

* "administered orally for 3 weeks; recovery (---+-).
‘Urinary tract infection, resistant to antibiotics; phage

administered orally for 4 weeks; recovery (+-+).
Suppurative skin inflammation, resistant to antibiotics;
phage administered orally for 3 weeks; recovery (--+-)-
Furunculosis of the face, resistant to antibiotics; phages
administered orally for 6 weeks in combination with
antibiotics; complete recovery (4+-+-+). '
Acute ostitis, not treated with antibiotics; phage admi-
nistered orally for 1 week; recovery (++-+).
Arteriostenosis — surgical treatment, acute suppurative
pericarditjs thoracic empyema with 2 fistula, resistant to
antibiotics; phage administered orally for -3 weeks in
combination with antibiotics; recovery (4-+-).
Mucopurulent bronchitis, bronchial asthma not treated
with antibiotics; phage administered orally for 5 weeks
without antibiotics; marked improvement of the local

state (_+ +).




286 S. SLOPEX ET AL.

29. F.Z.©24 years old Phlebitis of lower extremity, pneumonia, chronic glome-
(041.7) rulonephritis, resistant to antibiotics; phage administered
orally for 4 weeks (without antibiotics); recovery (-1-+-+).

47. K.K. 3 55 years old Pneumonia, bronchiectasis, treated ineffectively with
(041.4,041.6,041.7)  antibiotics; *phages administered orally for 6.5 weeks,
transient improvement of the local state (+); (case di-

fficult for analysis due to the additional infection with

: . Aspergillus fumigatus).
136. Z.P.Q42yearsold Pneumonia, long-term glomerulonephritis, sepsis, aati-
(041.1) biotics — ineffective; phage a — administered orally
for 2 weeks together with antibiotics; improvement of
the local state (+); gemeral state — serious, ca-

chexia, edema of lungs and brain, exit.

The results obtained confirmed great effectiveness of this mode of phage therapy,
particularly in bacterial infections of the digestive system, diseases of the respiratory
system (bacterial pneumonia) and even in the skin diseases and suppurative infec-
tions of the urinary tract. ‘

Statistical apalysis of the resuits of oral therapy revealed that the markedly
positive effect of oral admihistration of bacteriophages (829, of patients cured with
-++4-+ and +---+- result) can be also obtained in a numerous group of patients
receiving bacteriophages orally only (test 3, v = 5.93, p < 0.001).

Local application of bacteriophage. In 7 cases bacteriophage was applied locally
only. The results are depicted in Table 21. Though the number of cases was rather

Table 21. Local phage therapy

Result of treatment

No. of cases -
-+ -+ + dedt ++++
T+ 4 3
116** 7 6 88 15

6.0% 52%  75.9% 12.9%

* Cases treated locally only
** Cases treated Jocally and orally

small, the effect is very encouraging. This mode of treatment may find its applica-
tion in the healing of burns complicated by bacterial infections, suppurative diseases
of the upper respiratory tract, particularly of pansinusitis and maxillar sinusitis as
well as in the diseases of conjunctival sac, middle ear and skin furunculosis.

Flow drainage

1. AAA.210 years old Pyogenic arthritis, sepsis, chronic osteomyelitis; inef-
(041.3, 041.4, 041.6) fective treatment with antibiotics; phages administered



26.

45.

59.

67.
(041.1,041.0, 041.7)

73.

92.

95.
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041.7)

D.F. g 43 years old
(041.1)

J.T.3 49 years old
(041.4)

K.A. 2 2.5 months
old (041.1, 041.7)

M.Z. 2 12 years old

M.W. Q 47 years old
(041.1, 041.3)

R.W. & 52 years old
(041.3, 041.9)

S.M. 2 53 years old

(041.7)

orally (26 weeks) and applied locally on the wound and
to the fistula, flow drainage; recovery {(+--+).
_ Chronic . maxillar sinusitis, antibiotics — ineffective,

. phages administered orally for 2 weeks and applied

locally (flow drainage); recovery (+-++).

Gastric ulcer with perforation, suppurative peritonitis
(postoperative); antibiotics were not given; phages
given orally for 3 weeks and locally on the lesion, to the
fistula and as flow drainage to the pemoneal cavity
(3 weeks); recovery (+=++).

Thoracic empyema with a fistula, pncurnoma antibio-
tics ineffective phages given orally for 4 weeks and locally
applied on the wound and to the fistula as flow drainage.
Marked improvement (-+-i). 7

Chronic -osteitis, suppurative myositis, fistula, sepsis;
antibiotics — ineffective phage administered orally for
13 weeks ‘and locally on the lesion, to the fistula and as

‘flow drainage; recovery (4-—4-).

Mucopurulent bronchitis, thoracic empyema with a fis-
tula. Opening of the wound after operation of esophagus
cancer antibiotics — ineffective; phages administered oral-
ly (7 weeks) and applied locally (4 weeks) on the wound
and to the fistula andas flow drainage; recovery (4 +--).
Acute inflammation of the gall-bladder, acute pancrea-
titis, suppurative-peritonitis bronchopneumonia. Anti-
biotic treatment ineffective; phages administered orally
(5 weeks) and locally (1 week) applied on the wound,
to the fistula and as a drainage; recovery (++-+ .
Urinary tract infection, antibiotics — neffective, phages
administered orally (4 weeks) phage-lavage of the urinary
bladder (1 week); recovery (++-+).

Result of phage therapy and period

of phage administration

The period of phage administration with regard to the route of administration

and the number of patients is presented in Table 22. As seen, most of the cases were
treated during the period from 2 to 15 weeks; percentage of cases treated orally was
88.19, (96 cases) and that of locally treated — 82.6% (90 cases).

Effect of treatment in relation to the oral or local application of bacteriophages

is illustrated in Table 23. From the Table it follows that at oral administration of
bacteriophage, the effect of treatment is conditioned rather by other factors than the
duration period. It was well evidenced by the cases with the transient improvement of '
the local state ( +) with the longest period of treatment.
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. Table 22. Period of phage administration with regard to the routc of administration and numbr of
cases treated . :

Period of phage

Route of phage administration

.. . orally <+ locally only

administration A orally locally
1 week 0 7 3
1,5 weeks 5 4 1
2.0 weeks 14 16 3 3
—5 weeks 41 41 12 3 b
36—10 weeks 33 29 2
11—15 weeks 8 4 1 1
16—20 weeks 5 5
20 weeks 3 3
No. of cases 109 22 7

79.0% 15.9% 5.1%

Table 23. Significance of the period of bacteriophage administration (the mean does not include the
patients being treated by other than local or oral route)

Period of bacte- * ‘Result of treatment
riophage administra-
tion in weeks - 4+ +4+ F+tt
Mean 73 T 4.6 64 - 5.8
+49 =23 48 - .+51
Orally — — + =
AA 45.7 36.9 314 293
SD 16.2 211
Mean 46 35 56 5.7
=19 114 +4.7 4-4.1
Locally
AA 449 33.2 342 . 36.5
SD N

. At local application, however, the tendency toward better therépy effect was
growing with the duration of phage administration. The cases difficult for analysis

were the exception.

The observed tendency has not yet found a statistical confirmation as manifested
by the resalts of Wilcoxon test (test 7) (e.g- for -+ adn ++- classes, W = 62,

p > 0.05).

Detailed analysis of the values obtained in the above study is presented in Part II.

Result of phage therapy

in particular disease categories

Table 24 illustrates the results of bacteriophage treatment in particular disease
categories. The aim of the statistical analysis was to test whether there exists a de-
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Table 24. Result of treatment in particular disease categories _

Category No. of Result of treatment
. cases + ++ +++ ++++
i ‘
I 2 2
1 2 2
viI 8 1 5 85.7% 2
via 17 4 8 58.8% 2
IX 17 1 15 94.1% 1
X 6 6
X1 20 1 14 95% 5
X1 31 3 0 24 90.3% 4
Xvo 35 1 3 27 885% .- 4

No. of cases 138 9 8 99 22

pendence between the result of the treatment and category of the disease. To answer
this question, patients cured with - and - result were joined together to form one
group; the same concerned patients cured with +-+ and -+ result. Patients
with diseases of VIII category appeared to have poor chance of recovery (4,
+-+-+-+) (58.8%), the best chance (excluding categories of diseases of 2 number
< 7) had patients with the following disease categories:

XII 95%, IX 94%, XVI 88.5%, XIII 90.3% .
Category VIII was compared with all the above categories and the values of x2
test with r = 1 were calculated (test 5). -

1. VIIT and XTI, 92, =503 y2,=384 p<005
2. VIIT and IX, %3, =322  ylos=384, p>005
3. VIl and XVII, o2, =414 32,,=3.84, p<005
4. VOI and XII, 32, =472 y2,,=1384, . p>005

The results obtained revealed that the differences in phage therapy effect between
<categories VIII and categories XJL, XIII, XVII are statistically significant (p < 0.05).
From the above it follows that patients with VIII category of disease have poorer
<hances of recovery than those with XII, XVII and XIII categories. Can it be, thus,
inferred that among all the patients with XII, XIII and XVII categories a percentage
of the cured would be as high?

To this end the values of “u” variable were calculated (test 3)

XII: Uope = 379 uge; =329 p <0001
X1I: Ugps =431 Uy =3.29 p < 0.001
XVIL: u, =471 uye, =329  p<0.00l

The findings of the calculations allow the possibility that among all patients
with XTI, XTII and XVII categories of disease, the percentage of cases cured thh
++-+ and ++++ result can be as high as in Table 24 (XIT — 95%, XIII -
90.3%, XVI[ — 88.5%).
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SideTeectsTof bacieriophage ireatnisnt

Sideeffects.in the:course of phage therany e Vel Fare (Table 25).08F6F13
treated subjects, only=3"¢ases ‘Wwithside -effects were, recorded- of “Which:2: displayed|
drug intolerance at oral: administratfoitand 1 allergic: symptoms at:local ap lication

Table 25. Side efiects after phage therapy

Occurred Did not occur

o
No. of cases 3 . 135
2.29%, 97.84%
AA (average age) 24.3 33.2
SD (standard deviation) 4.9 T 2040

on the wound. Statistical analysis was based on the test of inference on the basis of
frequencies (test 3). . :
Ugs = 1116 g =3.29, p < 0.001
With the increased number of patients, the number of subjects without side symp~
toms would be as high as in the cases observed. .
On-the basis of case history the following observations were made: mostlyon
{day 3 =5 of phage thetapy;hepatalgia occurred which lastéd several hours. Thiscun
be accounted Tor mass-liberation”of endotoxins resulting fromphage effect on ‘bac—
teria: I sévere cases with-sepsis, an increase of temiperature " occurred on day',f,_"a
of phage -administratiori” which lasted 24 h. o
) Therefore, up to the 8th day of treatment with bacteriophages, the patients should
be closely observed. Generally, on the 7th day marked improvement in the general
feeling of patients was observed, the pains subsided, and the temperature and ESR:
fell down. ) o '
Local application of phage directly on a wound or to a fistuls caused a puri-
_fication of a wound on day 3 — 4 and also exceptionally quick granulation.

~ DISCUSSION

In the available literature we have not encountered any reports concerned con-
ditions of therapeutic effect of bacteriophages. The present report is an attempt of
analysis of the dependence between phage therapy effect and various factors such as;’
age, cex, infection type (monoinfections, polyinfections), bacterial species inducing
the suppurative process, severity of disease course, susceptibility and resistance to
antibiotic and chemotherapeutic treatment, combined treatment with antibiotics,
route and period of phage administration disease category and side effects.

Since phages are applied mostly when all ways of treatment appeared ineffective,
thus, the criteria used for evaluation of the results, in majority of cases, cannot be
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preserved. Besides, the statz of patients treated with bacteriophages as the only
effective remedy is often serious, even agonal. Thus, in spite of a markedly favorable:
effect of phage therapy (healing of the local wounds), due to the advanced anatomo-
pathological changes of the internal organs, .a death follows.

The results obtained so far showed that bactériophages are a valuable and often.
the only cffective factor in the bacterial infections.
feriophages arc safe, side efféis are Tather Tare 3nd Prescnt o “dange¥. for
_ transient and ‘easy: for:restraint. ;.
" Bacteriophages effectively control the infectious process, irrespectively of its.
localization, rebuilding the immunity forces of an organism. They are effective in
the treatment of infections complicating immunological disorders.
— Bactenophages can-_ be admnstcred ~orally’ ors app]xed lom]ly, thc) g‘easxly
“tiact t6 the bicodf body fluids"and urine exerfing”
substantlal'therapéutl effect’ It is of particular importance in the cases when they
cannot be used directly.

~ Bacteriophages can be used irrespectively of age, results of the treatment of
suppurative infection in infants and small children are very promissing.

— Bacteriophages can be prepared at appropriate laboratories, individually for
each case which ensures reliability *of their effect.

— Worth noting is also a low cost of their preparation.

Phage therapy undoubtedly deserves a special attention as an important and
effective factor in the treatment of suppurative infections resistant to antibiotics
and chemotherapeutics.

A::lénowledgmem. The authors wish to express their gratitude to the heads and medical staff
‘of the clinical and hospital departments for their fruitful cooperation.
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In the years 1981—1986 bacteriophage therapy was applied i3507ases (100 treated

in 1986) of suppurative bacterial infections. Positivevésults: were obtined:in:S08 ciSes

X029V, In 38 cases (6.9%) a transient improvement was observed and in 4 cases
(0.7%) phage treatment proved ineffective. Considering that Wijorityof patients {518
Case5394.2%) were resistant 1o antibiotic trentmeft the results of phage therapy may be
regarded as favorable.

Previous reports’ ~® presented the results of phage treatment carried out in
1981 —1984 (370 cases). Since the results obtained in the group of further 180
cases of 1985 and 1986 did not diverge from those previously published, it was
decided to sum up the whole material mn the present report. :

" MATERIALS AND METHODS

Bacteriophage treatment was applied in 550 patients with septic bacterial infections caused by
pyogenic Staphylococci (Staphylococcus) and Gram-negative bacteria (Klebsiella, Escherichia,
Proteus, Pseudomonas). They were either spontaneous or postoperative complications.

Phage therapy was carried out at clinical or hospital departments, mostly surgery departments.
The clinical results of phage therapy were evaluated by a therapeutist.

The age of patients ranged from 1 week to 86 years. Of 550 cases examined, the group of
children up to 8 years constituted 76 cases (13.8%), group of children and teenagers in the age
9—21, 72 cases (13.1%), paticnts aged 21 —60 years, predominating, 343 cases — (62.4%) and the
smallest groups of patients above 60 years numbered 59 cases (10.7%).

. 6’°I/'11)e number of males — 288 cases (52.4%) was slightly higher than that of females — 262 cases
0

* This work was supported by the Polish Academy of Sciences (Grant No. 06.01).
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The number of monoinfections (372 cases — 67.6%) was markedly predominating over
polyinfections (178 cases — 32.4%). Most numerous were Staphylococcal monoinfections (272 cases
— 73.1%), less frequent were monoinfections cansed by Gram-negative bacilli (100 cases — 26.9%).
In 151 polyinfection cascs, pyogenic Staphylococci (121 cases — 68.0%) were predominating over
Gram-negative bacilli (57 cases — 32.0%). .

Phage therapy without parallel antibiotic therapy was applicd in 398 cases (72.4%) and
parallcl administration of bacteriophages and antibiotics in 152 cases (27.6%). The number of cases
resistant to antibiotics available amounted to 518 (942%).

In phage therapy the use was made of virulent bacteriophages, ie. inducing a complete lysis of
bacterial strains isolated from patients. Bacteriophages were administered orally 3 times daily in
the dosc of 10 ml before the meal, after previous nentralization of gastric juice. Phages were also
used locally as moist applications to pleural, peritoneal, cavities, urinary bladder and as cye, ear
and nose drops. In the course of treatment, sensitivity- of isolated bacteria to phages applicd was
under control; in the case of confirmed resistance, bacteriophages were changed.

The final evalvation of the treatment results was based upon four-degree scale:

+ + + + outstanding effect manifesting by a complete recovery,

+++ climination of suppurative process and healing of the local wounds,

++ marked improvement with a tendency to healing of the local lesions with neganvc results
' of bacteriological control,

+ transient improvement,

0 po effect.

RESULTS

While evaluating the final results, it should be taken into consideration that
in 518 cases, ie. in 94.2% the treatment preceding phage therapy failed, among
others, due to resistance of bacteria to antibiotics and chemotherapeutics used.
Thus, the application of bacteriophages was the only way to eliminate the
pyogenic process. Only in 31 cases (5.6%) bacteriophages were nsed in patients
not pretreated with either antibiotics or chemotherapeutics. -

L GENERAL CHARACTERISTICS OF PHAGE THERAPY

1. Age of patients and results of treatment ‘

Detailed information is given in Table 1. Differences between the age
groups up to 60 years and the group of patients above 60 years, achieved

- Table 1. Age of patients and results of phage therapy

Results of treatment No. of Percent of

. No. of .. -

Age of patients . positive positive
0+ ++ +++ ++++ cases - cases

<8 years 4 4 41 27 76 yy) 947
921 years 1 4 8 43 16 72 67 - 931
21 —60 ycars 121 24 212 85 343 321 93.6
> 60 years 2 9 7 31 10 59 43 814
4 38 43 327 138 550 508 924

1-4—X? = 602, (p < 0.025; 2—4—X? = 4.14, (p < 0.05; 3—4—X? = 9.99, (p < 0.01)
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marked statistical significance. It is very likely that the above may be
accounted for a reduced immunity of patients above 60 years of age.

2. Sex of patients and results of phage therapy

Phage therapy results in relation to the sex of patients are illustrated in
Table 2. The differences observed were statistically significant.

Table 2. Scx of patients and results of phage therapy

Results of treatment No. of Percent of
. . No. of .. .
Sex of patients positive positive
0 + ++ +++ ++++ cases cascs
Female 211 20 159 70 262 249 950
Male 227 B3 168 68 288 259 89.9
438 48 377 138 550 508 924

1-2-X? = 507, (p < 0.025)

3. Type of infection (‘monoinfections, polyinfections)
and results of phage therapy

Detailed data are given in Table 3. The results obtained in both types of
infections reveal statistical significance.

Table 3. Results of phage therapy in monoinfections and polyinfections

Results of treatment No. of No. of Percent of
Type of infection ’ positive positive
0 + ++ +++ ++++ 0 cases cases
Monoinfections 121 26 225 9 372 350 94.1
Polyinfections 317 17 102 39 178 158 88.3

4 38 43 327 138 550 508 924

1-2—X? = 4383, (p < 0.05)

4. Results of phage therapy in infections caused
by pyogenic Staphylococci and Gram-negative bacteria

The data presented in Table 4 show that in infections caused by

 Staphylococci no statistical differences were observed between monoinfections

and polyinfections. However, statistically significantly better results were
obtained in Gram-negative bacteria-induced infections.

5. Method of treatment and result of phage therapy

Detailed data are given in Table 5. Statistically significant differences in
favor of phage therapy in comparison to the parallelly run phage and antibiotic
therapy, were confirmed.
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Table 4. Effectiveness of phage therapy in monoinfections and polyinfections caused by pyogenes
Staphylococci and Gram-negative bacteria

Results of treatment No. of Pereent of
. No. of .\ .y
Etiology positive positive
- cases
0 + ++ +++ ++++ cascs cases
Staphylococcus 1 15 20 157 i) m 256 94.1
M
Gram-negative bacteria 6 6 68 20 100 94 94.0
Staphylococcus 3 8 14 TI 25 121 110 90.9
P .
Gram-negative bacteria 9 3 31 14 57 48 842
4 38 43 327 138 550 508 924
M — monoinfections
P - polyinfections
3—4—X* = 1.74, (p < 0.25), insignificant
Table 5. Results of phage therapy without and with parallel administration of antibiotics
Results of treatment No. of Percent of
No. of e .
Method of treatment positive positive
0 + +4 +4+ ++++ OO cases cases
Phage therapy 118 28 240 111 398 379 952
Phage and antibiotic 3 20 15 87 27 152 129 849
therapy ’
4 38 43 327 138 550 508 924

1-2-X*=16.73, (p < 0.001)

6. State of patients and result of phage therapy

The results presented in Table 6 suggest close relation between severity of V

disease and result of treatment. This problem with particular regard to the
immunity state, advancement of the disease and results of phage therapy,
requires further elucidation. '

Table 6. Results of phage therapy in relation to a scverity of patients status

Results of treatment -y No. of  Percent of

) 0. of " o

Status of patient positive positive

. 0 + ++ +++ ++++ cases cascs

" Generally good 112 17 168 76 2714 261 953
Medium-severe 2 10 12 9 34 157 145 924
Severe 116 14 60 28 119 102 85.7
4 38 43 327 138 550 508 924

1=3-=X? = 1071, {p < 0.01); 2—3—X? = 3.18, (p < 0.1), insignificant
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1L DETAILED CHARACTERISTICS OF PHAGE THERAPY APPLIED
IN PARTICULAR DISEASE CATEGORIES
Classification into categories and nosologic units has been based on the
recommendations of the World Health Organization included in the publication:
Manual of the International Statistical Classification of Diseases, Injuries and
Cause of Death, Vol. 1 WHO, Geneva, 1977. Detailed data are listed in Table 7.

Table 7. List of disorders as divided into disease categories with regard to nosologic units,
monoinfections and polyinfections

Categories and nosologic units

L Infections discases
1. Infections diseasss of the alimentary tract
2. Septicaemias
V1. Discases of the nervous system and sense organs
3. Conjunctivitis, blcphmconjunctxvms, otitis media
4. Meningitis
"VII. Discascs of the circulatory system
5. Varicose veins with ulcer and inflammation
6. Purulent pericarditis
VIHI Diseases of the respiratory system
7. Inflammation of the upper and lower respiratory tract .
8. Pneumonia, pnecumonia abscedens, bronchopneumonia
9. Suppurative pneumonia, cmpyema Wwith thoracic fistula
10. Pleuritis with fistula
IX. Diseases of the digestive system
11. Ulcerative stomatitis. Suppurative peritonitis, absmcs of the inner organs
X Diseases of the genitourinary tract
12. Suppurative infections of the urinary tract. Suppurative vaginitis
X1I. Discases of the skin and subcutaneous tissue
13. Furunculosis
14. Inflammation of the conpective tissue and lymphatic vesscls
15. Decubitus ulcer
XI1I. Diseases of the musculoskeletal system
16. Pyogenic arthitis and myositis
17. Pyogenic ostitis
XVI. Injuries
18. Open wounds, laparotomy, tracheostomy, contusions, burns
19. Contusion of head, fractures of facial bones, contusion of brain and brain stem
(suppuration of postoperative wounds)
20. Injuries of spinc (suppuration of postoperative wounds)
21. Posttraumatic ostitis of the lower and upper limbs (fractures)
22. Chromic suppurative fistulas

Category I — 1 Infectious diseases of the alimentary tract

Three cases of bacillary dysentery, 2 cases of colibacteriosis, 1 case of
Salmonellosis and 1 case of acute diarrhoea due to mixed infection with
‘Staphylococci, Klebsiella bacilli and Escherichia, were submitted to phage
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Table 8. Results of phage therapy applicd in particular disease categories and noslogic units

For Results of treatment No.of No. of No. of  Percent of
explanation ) positive positive
cases cases
sec Table 7 0 + ++ +++ ++++ ., cases cases
1 23 4 5 6 7 8 9 10
M 6 6
P ; . 7 7 100
2 M 5 7 02 7 48
P 6 6 20 18 50 ” 87 828
VI3 M 9 4 13 : ,
P 4 3 16 15 938
V4 M 2 1 3
P 1 5 . 7 10 9 90.0
VIS M 4 2 13 4 23
P 5 2 5 1 13 36 27 75
V-6 M 1 3 1 5
P . ) 5 7 7 100
VI7 M 2 10 30 11 s3
P14 2 10 4 21 " 67 503
Vil M 1 2 13 4 20
47 )
P18 3 .16 9 37 57 825
vms M1 1 T, 2 11
P31 ) 6 27 23 852
VI-io M 31 7 2 13 , :
P ) s ; " 2 19 86.4
X1t M 3 2 27 6 38 o 2 908
P12 2 17 5 27
X-12 M 1 12 5 18 ;
42 39 9
P. 3 13 8 24 29
XII-13 M 2 19 29 50 55 55 100
P 3 2 5
Xi-l4 M 3 3 47 2 74 o1 %6 045
P 2 1 9 5 17 _
Xi-15 M 2 2 16 13 813
P 3 9 2 14 _
Xm-16 M 1 1 9 3 14 :
P 1 3 1 5 19 17 895
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1 23 4 5 6 7 8 9 10
XIII-17h}:I 2 3 i: f 'ﬁ‘ 40 36 9%
S I T
.xvn-zo'h; 1 1 ; i 2 12 o 91.7
S T R
TmEE ()L 3w e
987 890 902

M — monoinfections
P — polyinfections

therapy. In all the 7 cases oral administration of bacteriophages for 1 to 3
weeks, resulted in a subsidence of the clinical symptoms and elimination of the
infection process.

Category 1 — 2 Septicaemia

Septicaemia was confirmed in 98 of 550, ie. in 17.8% cases submitted to
phage therapy. The cases belonged to various disease categories. Monoinfections
were recognized in 48 cases and polyinfections in 50. In monoinfections

- septicaemia was caused by in majority of cases by pyogenic Staphylococci (32
cases), less frequently by Gram-negative bacteria (Klebsiella — 5, Escherichia —
5, Pseudomonas — 6). In polyinfections most frequent appeared Klebsiella (37
cases), pyogenic Staphylococci (30 cases), Escherichia (30 cases), Pseudomonas
(26 cases) and less frequent were Proteus bacteria (10 cases).

Positive therapeutic result was obtained in 87 cases (88.8%) and transient
improvement in 7 cases. In 4 cases which ended with exitus, bacteriophages
appeared ineffective (too late application at great cachexy of patients).

Category VI — 3 Blepharitis, conjunctivitis
and otitis media

This group numbered 16 patients: 7 with purulent conjunctivitis, 3 with
recurrent hordeolum, 1 with dacryocystitis and 5 with otitis media. All the
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cases proved resistant to antibiotics. Pyogenic Staphylococci were isolated in
monoinfections (13 cases), pyogenic Staphylococci and Klebsiella bacteria in 3
cases of polyinfections and Pseudomnnas and Proteus bacteria in 1 case each.
Application of bacteriophages as eye and ear drops and moist applications
fully eliminated the infection.

Category VI — Meningitis

This group comprised 10 cases. In 9 patients meningitis resulted from
operative infections and in 1 from septicaemia. All the cases were resistent to
antibiotic treatment. Of 3 monoinfection cases, in 1 pyogenic Staphylococci was
confirmed and in 2 Klebsiella bacilli. Klebsiella bacilli were predominating in
polyinfections (6 cases of 7 cases), also frequent were pyogenic Staphylococci (5
cases); Escherichia and Proteus were encountered only in 2 cases each. In 9
cases phage therapy gave way to an elimination of pyogenic process. In 1 case
due to the mixed infection with Klebsiella, Escherichia and Pseudomonas, exitus
was reported. ' '

Category VII — 5 Varicose veins of legs

This group included 36 patients. Of 23 monoinfection cases, 15 were caused
. by pyogenic Staphylococci, 7 by Pseudomonas and 1 case by Klebsiella bacteria.
Of 13 polyinfections cases, Pseudomonas were confirmed in 7 cases, pyogenic
Staphylococci in 4 cases and Escherichia in 1 case. All the cases were resistant to
antibiotics. In 27 cases phage therapy resulted in a total elimination of the
infection and in 9 marked improvement with tendency towards healing was
confirmed. '

Category VII — 6 Acute purulent pericarditis

This groups comparised 7 cases of pyopericardium (complications after
operdtions on open heart and large vessels). In monoinfections (5 cases)
pyogenic Staphylococci was recognized as a causative factor and polyinfections
(2 cases) were caused by Pseudomonas, Escherichia and pyogenic Staphylococci.
In all the cases antibiotic treatment brought no effect. In 6 cases phage therapy
eliminated the infection and in 1 marked improvement was observed with a
tendency towards healing of the wounds.

.Catcgory VIII — 7 Suppurative inflammation
of the respiratory tract

Of 74 cases classified to this group, 51 patients suffered from suppurative
inflammation of the nasal cavity, rhinitis, recurrent angina and 23 patients
from mucopurulent bronchitis. Monoinfections were confirmed in 53 cases of
which the majority was caused by pyogenic Staphylococci (46 cases) and a few
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cases by Escherichia (4 cases) Klebsiella bacilli (2 cases) and Proteus (1 case). In
21 cases of polyinfections, most frequent were pyogenic Staphylococci (15
cases), Klebsiella bacilli (14 cases), less frequent were Escherichia (7 cases),
Pseudomonas (6 cases), Proteus (2 cases) and Streptococcus viridans (1 case). Of
74 cases, in 69 antibiotic treatment failed. In 4 cases phage therapy was not
preceded by anmtibiotic application. Phages appeared ineffective in 1 case,
transient improvement was obtained in 6 cases and in the remaining 67 (91.9%)
the suppurative process was fully eliminated.

Category VIII — 8 Bronchopneuinonia, pneumonia abscedens

This group numbered 57 cases; 20 monoinfections and 37 polyinfections.
Monoinfections were mostly caused by pyogenic Staphylococci (9 cases),
Pseudomonas (8 cases) and Klebsiella bacilli (3 cases). In polyinfections
predominating were: Psendomonas (25 cases). Klebsiella and Escherichia (23
cases each) and pyogenic Staphylococci (22 cases), less frequent were cases with
Proteus (7 cases). In 54 cases antibiotics administration proved to have no effect
upon the course of infection. In 3 cases antibiotics were not applied. Phage
therapy eliminated the suppurative process in 47 cases (82.5%) and in the
remaining 10 cases it had unfavorable influence upon the infection. In 6 cases
polyinfections resulted in exit. '

Category VIII — 9 Pneumonia with thoracic empyema
’ and fistulas

This group included 27 cases: 11 monoinfections and 16 polyinfections. The
former ones were caused by pyogenic Staphylococci (6 cases), Pseudomonas (3
cases) and Klebsiella bacilli and Escherichia (1 case each). In polyinfections
predominating were: Pseudomonas (13 cases), Klebsiella (10 cases), pyogenic
Staphylococci (8 cases), Escherichia bacilli (8 cases) and Proteus (5 cases).
Antibiotic treatment was ineffective in 23 cases. In 3 cases the treatment
terminated only in a transient improvement and 1 in exit. In the remaining 23
cases (85.2%), suppression of the infection in the lungs and thoracic cavity was
observed. .

Category VIII — 10 Thoracic empyemas with fistulas

This groups numbered 22 cases of which 13 were monoinfections caused by
pyogenic Staphylococci (6 cases), Pseudomonas (4 cases), Klebsiella (2 cases) and
Escherichia (1 case), and 9 polyinfections caused by pyogenic Staphylococci (9
cases), Pseudomonas (7 cases), Klebsiella (5 cases) and Escherichia (4 cases).
Antibiotic therapy was ineffective in 20 cases. In 2 cases antibiotics were not
applied. Phage therapy eliminated the suppurative process in 19 cases (86.4%)
and gave way to marked improvement in 2 cases. One case resulted in exitus.
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Category IX — 11 Acute gingivitis,
purulent peritonitis and abdominal abscesses

To this category 65 cases were included: 2 cases of acute purulent gingivitis
and stomatitis and 63 cases of suppurative peritonitis due to suppurative or
gangrenous acute appendicitis, gastric resection, cholecystectomy, suppurative
pancreatitis and operations on intestines. Antibiotics proved ineffective in 63
cases. Thirty eight cases of monoinfections were mostly caused by Escherichia
(20 cases), pyogenic Staphylococci (12 cases), Pseudomonas (3 cases) and
Klebsiella (3 cases). Polyinfections were confirmed in 27 cases and were caused
by Klebsiella (18 cases), Pseudomonas (17 cases) and Escherichia (17 cases),
pyogenic Staphylococci (13 cases), and Proteus (4 cases). Bacteriophage were
applied orally and locally (for the washing of operation field and to the fistulas);
Good therapeutic result was reported in 59 cases (90.8%). In 5 cases marked
improvement with the tendency toward heling of the wounds was noted and in
1 phage therapy was ineffective. Local application of bacteriophages in
ulcerative gingivitis brought about full elimination of the suppurative process
within 2 weeks.

Category X — 12 Suppurative inflammations
of the genitourinary tract

This category comprised 42 cases: 40 cases of suppurative inflammation of
the genitourinary tract and 2 cases of postoperative suppurative vaginitis.
Monoinfecﬁons caused by Pseudomonas (8 cases), Escherichia (5 cases), pyogenic
Staphylococci (3 cases), Klebsiella (1 case) and Proteus (1 case), were confirmed
in 18 cases. Polyinfections numbered 24 cases and were caused by Pseudomonas
(16 cases), Escherichia (16 cases) and pyogenic Staphylococci (14 cases),
Klebsiella (12 cases) and Proteus bacteria (4 cases). In 37 cases. antibiotic
therapy was without effect. Application of phage thefapy in 39 cases (92.9%)

resulted in elimination of the infection and sterilization of urine. One patient
revealed marked improvement and 2 — lack of improvement.
. In 2 cases of suppurative vaginitis due to infection with pyogenic Sta-
phylococci, the washings with the specific bacteriophages totally eliminated the
inflammation. ‘

Category XI1 — 13 Furunculosis

~ This groups included 55 cases of furunculosis of various localization. In 50
cases monoinfections caused by pyogenic Staphylococci were confirmed. In 5 .
cases of polyinfection, the presence of pyogenic Staphylococci (5 cases),
Escherichia (3 cases) pyogenic Staphylococci and Pseudomonas (1 case each) was
confirmed. All the cases were resistant to antibiotic treatment. Good therapeutic
result was obtained in all the cases (100%) after oral and local application of
bacteriophages.
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Category XII — 14 Diseases of the connective tissue
and lymphatic vessels

This group included 91 cases of skin inflammations: abscesses, phlegmone
~ of various localization, acne necrotica and 11 cases of abscesses mammae.
Seventy four cases appeared to be monoinfections caused by pyogenic
Staphylococci (65 cases), Pseudomonas (5 cases), Klebsiella (3 cases), Escherichia
(1 case). In 17 cases of polyinfections there were isolated pyogenic Staphylococci
(15 cases), Klebsiella (10 cases), Escherichia (7 cases), Pseudomonas {9 cases) and
Proteus (4 cases). In 83 cases antibiotic treatment appeared ineffective. Phage
therapy eliminated the infection in 86 cases (94.5%). Five cases revealed
marked improvement with tendency towards healing.

Category XII — 15 Decubitus ulcer

Of 16 cases of long-term decubitus ulcer, monoinfections were confirmed
in 2. Pyogenic Staphylococci were recognized to be the cansative factor. In 14
cases of polyinfection, different bacterial flora was encountered: pyogenic
Staphylococci (11 cases), Pseudomonas (10 cases), Escherichia and Klebsiella (9
cases each) and Proteus (6 cascs). All the cases were resistant to antibiotics.
Application of phage therapy, oral and local, resultated in favorable effect in 13
cases. In 3 cases phage treatment was ineffective. '

" Category XIII — 16 Purulent arthritis and mypsitis

This group numbered 19 cases: 15 cases of purulent arthritis and 4 cases of
myositis. Thirteen of them were monoinfections caused by pyogenic Sta-
phylococci (12 cases), Proteus (1 case). Polyinfections numbering 6 cases were
caused by pyogenic Staphylococci (5 cases), Pseudomonas (3 cases), Proteus (4
cases), Klebsiella (2 cases) and Escherichia (2 cases). All the cases were resistant
to antibiotic treatment. Application of phage therapy eliminated the suppurative
process in 17 cases (89.5%). In 2 cases no improvement was reported.

Ceitegor'y. XIII — 17 Osteomyelitis of the long bones

This group included 40 cases of ostcomyelitis of long bones. Monoinfections
confirmed in 29 cases were due to infection with pyogenic Staphylococci (25
cases) in 3 cases Pseudomonas bacilli were isolated and in 1 Klebsiella bacilli.
In 11 cases mixed infections was confirmed caused by pyogenic Staphylococci (7
cases), Pseudomonas (5 cases), Proteus, Klebsiella and Escherichia (4 cases each).

Thirty eight of 40 cases appeared resistant to antibiotics. Suppurative
process was eliminated due to application of phages in 38 cases (95.0%). Two
cases revealed a transient improvement.
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Category XVII — 18 Open wounds, laparotomy,
tracheostomy, contusions and burns

This group included 49 cases (22 monoinfections and 27 polyinfections).
The former ones were caused by pyogenic Staphylococci (11 cases), Pseudomonas
(5 cases), Escherichiu (4 cases) and Klebsiella (2 cases). In polyinfections the
presence of various bacterial flora was confirmed consisting maily of Klebsiella
(16 cases), Pseudomonas (14 cases), Escherichia (16 cases), Proteus (9 cases) and |
pyogenic Staphylococci (15 cases). Antibiotic therapy was ineffective in 46 cases.
Oral and local application of bacteriophages eliminated the infection in 42
cases and in 7 brought about a transient improvement.

Category XVII — 19 Contusions of head
with -suppuration of wounds

This group comprised 23 cases, including 13 cases of monoinfection and 10
of polyinfection. In monoinfections the suppuration was due mostly to
pyogenic Staphylococci (10 cases), rarely Klebsiella, Escherichia and Pseudomonas
(1 case each). In polyinfections frequently met were: Pseudomonas (9 cases),
Klebsiella (7 cases), pyogenic Staphylococci (6 cases) and Escherichia (5 cases).
The remaining 22 cases, with 1 exception, were resistant to antibiotics.
Application of bacteriophages orally and locally, eliminated the infection in 19
cases (82.6%), in 2 resulted in marked improvement and in 4 in transient
improvement.

Category XVII — 20 Injuries of spine
(suppuration of wounds)

This group numbered 12 cases: 8 monoinfections and 4 polyinfections. In
the former group pyogenic Staphylococci were predominating and in the latter
they were encountered in 4 cases, Klebsiella and Escherichia bacilli in 2 cases
each, and Proteus m 1 case. All of the cases were resistant to antibiotic
treatment. Application of phage therapy allowed elimination of the suppurative
process. Marked improvement with the healing of the wound and transient
improvement were reported in 1 case each.

Category XVII — 21 Ostitis of the long bones
after fracture

This group included 41 cases: 24 monoinfections and 17 polyinfections.
Monoinfections were caused mainly by pyogenic Staphylococci (21 cases),
Escherichia and Proteus (1 case each). In polyinfections predominating were
pyogenic Staphylococci (14 cases), Pseudomonas (10 cases), Klebsiella (6 cases),
Escherichia (7 cases) and Proteus (3 cases). Resistance to antibiotics was




BACTERIOPHAGES 581

confirmed in 37 cases. Bacteriophages applied orally and locally eliminated the
infection in 37 cases (90.2%). In 4 cases only a transient improvement was
reported.

Category XVII — 22 Chronic suppurative fistulas

This group comprised 180 cases in which the infections resulted in
long-persisting suppurative fistulas. Monoinfections (118 cases) caused by
pyogenic Staphylococci numbered 92 cases. Escherichia bacilli were recognized
in 13 cases, Pseudomonas in 6 cases and Klebsiella in 7 cases. In polyinfections
(62 cases) predominating were: pyogenic Staphylococci (38 cases), Klebsiella (33
cases), Pseudomonas (30 cases), Escherichia (31 cases) and Proteus (15 cases). In
all the cases observed antibiotics were not effective. Bacteriophages applied
orally and locally (to the fistulas) eliminated the infection in 168 cases (93.3%
and healed the fistulas. Marked improvement with the tendency toward healing
of the wounds was reported in 12 cases.

RECAPITULATION OF THE RESULTS AND CONCLUSIONS

Detailed analysis of 550 cases of suppurative bacterial infections subjected
to phage therapy allowed the following conclusions:

1. Specific phage therapy is highly effective in the infections caused by
pyogenic Staphylococci and Gram-negative bacteria (Klebsiella, Escherichia,
Prozeu.», P.seudomona.s) EPOSTive therapeuticTesili Was observéd in’ '508 ‘casesiof
: : 2 T°92:4%:7This percentage ranged from 75.9% to 100%, in
accordance thh etiologic factor and type of infection.

2. Differences in positive results of phage therapy in the age group up to 60
years achieved statistical sigmificance as compared to the age group above 60
years.

3. Stanstlcally sxgmﬁmnt differences related to the sex of patients were also
confirmed.

4. Difference in effectivity of phage therapy in monoinfections and poly-
infections were statistically significant. They were most drastic in the group of
infections caused by Gram-negative bacilli In the Staphylococcal infections
they were negligible.

5. Phage therapy is pamcularl usgju] in the cases where antibiotic therapy

SRR

failed. I fHEATETAl Studied the number-of cases resistant to antibiotics wass

=

ﬁj@ghﬁsﬁﬁsﬁnﬁﬁﬁ

6. Phage therapy is recommended in the followmg pathological states:
. a) acute infections of the alimentary tract (bacillary dysentery, diarrhoeas
caused by Salmonella, Klebsiella, Escherichia, Proteus and Pseudomonas),
b) septicaemias irrespective of their origin,
¢) postoperative infections irrespective of localization -
d) suppurative skin diseases, diseases of the subcutaneous tissue, and




~ were also observed.
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lymphatic vessels. Particular effectivenes should be underlinded in the treatment
of furunculosis,

¢) suppurative infections of the respiratory tract, lungs and pleura,

f) infections of the urinary tract,

g) suppurative infections of joints and bonts,

h) suppurative fistulas.

7. Effectivity of phage therapy as compared to the combined treatment of
phages and antibiotics revealed statistical significance.

8. Statistically significant differences related to the severity of the disease

10. The routs of bactenophage Sdrimstration depcnd upon a localization
of suppurathn focus. Oral administration of phages is recommended in each

thc“ahmenﬁi"y*ﬁ‘ict\ zthe blood,

were also apphed “as moist apphwtlons to the wounds eye, ear and nose drops,
infusions to the fistulas, washings of the nasal cavity, urinary bladder,.
suppurative lesions of pleura and peritoneum, decubitus, fistulas, intravaginally
intraoperatively for the washing of peritoneal cavity and in the cases of
multiple skin abscesses. '

11. Bacteriophages are of great value in prophylaxis (in preparing the
patients for orthopaedic surgeries, in skin transplantations).

12. Unfavorable treatment results may be accounted, to a great extend, to
too late initiation of the treatment and aiso great mchexy of patlcnts with long
‘course of dlscasc
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Abstract

In vivo panning of peptide libraries in mice has allowed the isolation of peptides which target the vasculature of specific
organs. The application of this approach to phage displaying Fab fragments (phage-Fab) could lead to the isolation of
antibodies which recognize novel tumor antigens. In this study, we have evaluated the biodistribution of phage-Fab in pude
mice. Balb/c nude mice were injected intravenously with 10° TU of phage displaying the anti-colon cancer Fab ¢30.6.

Blood samples were collected at nine time points over a period of 72 h and three groups of*four mice were sacrificed at 4 .

min, 24 h and 72 h: Normal tissues (liver, colon, spleen, kidneys, lungs, skeletal muscle) and faeces were collected at these
time points and the number of viable phage in each sample was determined. The distribution of phage in tissues was also
.examined by immunohistochemical analysis of paraffin-embedded tissues. Regression analysis of plasma kinetic data
showed that the half-life and the volume of distribution of phage was 3.6 h and 1 ml, respectively. Phage uptake occurred
predominantly in lungs, kidneys, spleen and liver. Relatively few phage were distributed to colon and muscle; and phage
were eliminated from the circulation by 72 h. Immunohistochemical analysis showed phage to be mainly within the
vasculature at 4 min, whereas notable phage extravasation was observed at 24 h and 72 h. In conclusion, this study provides
information on the in vivo behavior of phage-Fab which will be useful in the design of in vivo panning strategies. By
choosing appropriate time points for tissue collection, it may be possible to isolate novel Fabs against both intra- and
extravascular targets. © 1999 Elsevier Science B.V. All rights reserved.

Keywords: Biodistribution; Phage-Fab; Nude mice

—_— 1. Introduction
Abbreviations: DAB, diaminobenzine tetrahydrochioride:; ) .

HRP, horseradish peroxidase; i.v., intravenous; PEG, polyethylene

glycol; PMSF, phenylmethylsulphonylflueride; TU, traosducing Antibody phage display has allowed the isolation
unit . . .. .
. of human antib recognizing a range of different
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+61-2-92958412; Fax: +61-2-92958451; E-mail: gens. Antibodies have been selected by panning
r.ward@garvan.unsw.edu.au phage libraries against purified antigens (Clark et al.,
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1997; Desai et al., 1998) or against whole tumor
cells (Cai and Garen, 1995; Pereira et al., 1997;
Figini et al., 1998). The clinical application of these
tumor-specific antibodies will depend on their ability
to target tumor in vivo. Unfortunately, numerous
studies have failed to demonstrate a correlation be-
tween the in vitro binding characteristics of antibod-
ies and their in vivo tumor targeting properties
(Matzku et al., 1987; Andrew et al., 1990; Boerman
et al., 1990; Shockley et al., 1992b). Parameters such
as antigen expression level and accessibility, as well
as tumor physiology, have a profound influence on
in vivo antibody targeting (Jain, 1990; Shockley et
al., 1992a; Sung et al., 1992), yet these parameters
cannot easily be predicted by in vitro studies.

Recently, peptides that selectively localize to the
vasculature of various tissues have been isolated by
the in vivo panning of random peptide libraries in
mice (Pasqualini and Ruoslahti, 1996; Rajoite et al.,
1998). This approach has considerable potential in
the isolation of antibodies with good in vivo target-
ing properties. In particular, panning phage displayed
Fab libraries in live animals may allow the identifi-
cation of antibodies that recognize biologically rele-
vant tumor targets, and may also facilitate the dis-
covery of novel surface tumor antigens.

The successful application of in vivo panning to
the isolation of tumor specific antibodies must in-
evitably be predicated on an understanding of the
pharmacokinetics of phage-Fab. This includes a
knowledge of the biodistribution of phage in differ-
ent tissues, their clearance from the circulation, and
their capacity for extravasation into the interstitial
compartment. An understanding of the last point is
of particular importance in those studies seeking to
isolate Fab with reactivity against extravascular anti-
- gens. To gain a better understanding of these param-
eters, we have investigated the pattern of distribution
of phage-Fab in nude mice.

2. Materials and methods

2.1. Balb / ¢ nude mice
Six to eight week old female Baib/c nude mice
were purchased from Animal Resource Centre (Can-

ning Vale, Western Australia), and were held in
micro-isolators. All experiments were conducted with
the approval of the Institutional Animal Experimen-
tation Ethics Committee.

2.2. Amplification of phage from single colony

The Fab region of the chimeric anti-colon cancer
antibody ¢30.6 (Mount et al., 1994) was PCR ampli-
fied and cloned into the MCO1 phage display vector
(Ward et al., 1996). The nucleotide sequence of the
antibody was verified by dideoxy-sequencing. A sin-
gle E. coli XL.1-Blue colony harbouring the ¢30.6
clone was grown overnight at 37°C in 2YT supple-
mented with 50 pg/ml carbenicillin, 10 pg/mi
tetracycline and 2% glucose (2YT/carb/tet/glu).
The overnight culture (1 ml) was inoculated into 100
ml fresh 2YT/carb/tet/glu and grown for 3 h at
37°C with shaking. VCSM13 helper phage (5 X 10'!)
were added and the culture was incubated for an
additional 2 h at 37°C with shaking. Cells were
pelleted at 1600 X g, resuspended in 100 ml fresh

2YT /carb/tet containing 70 wg/ml kanamycin and-

grown overnight with shaking at 30°C. The next day,
cells were pelleted at 6000 X g and the phage in the
supernatant were precipitated at 4°C with 1/5 vol-
ume 20% PEG 6000/2.5 M NaCl. Phage were
pelleted by centrifugation at 10,000 X g and resus-
pended in PBS to a final concentration of 10"
TU /ml

Regression analysis of plasma
pharmacokinetics
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Fig. 1. Plasma pharmacokinetics of phage ¢30.6 in nude mice
injected with 1X 107 TU. The mean phage titre at each time point

" in three mice is shown together with S.E.
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Tissue distribution of phage 30.6

Phage titre (TU)/ g tissue

4 min

Oliver
M Colon
[ Spleen
M Kidney
OLung
| Muscle
M Faeces

Fig. 2. Distribution of phage in tissues after 4 min, 24 h and 72 b following i.v. injection of 1 X 10° TU of phage ¢30.6. Values expressed as
phage transducing unit (TU) per gram of tissue. Bars represent standard error (S.E) :

2.3. Calculation of plasma kinetic data

Three groups of three nude mice were injected
i.v. with 1 X 10° ¢30.6 phage in a volume of 100 pl

PBS. Blood samples were taken from the first group

" of mice at 4 min, 30 min, 1 h; from the second group
of mice at 2 h, 4 h, 8 h; and from the third group of
mice at 24 h, 48 h and 72 h. A 50 wl aliquot of
plasma was incubated with 1 ml of log phase E. coli
XL1-Blue for 30 min at 37°C without shaking. Fol-
lowing the addition of 10 ml of LB supplemented
with 20 pwg/ml carbenicillin, the cultures were incu-
bated for another 1 h with shaking. Various dilutions
of the culture were plated in duplicate on LB agar
supplemented with 10 pg/ml carbenicillin and phage
titres were determined by colony counting. Log per-
centage of initial injected phage was plotted against
time, and assessed by regression analysis. The half-

life (¢,,,) of the phage and the volume of distribu- .

tion (V) were calculated using standard methods
(Welling, 1986).

2.4. Quantitative distribution study of phage in mouse
tissues .

Three groups of four nude mice were injected Lv.
with 1 X 10° ¢30.6 phage in a volume of 100 ul
PBS. Mice were sacrificed at 4 min, 24 h and 72 h
after injection. Faeces and normal tissues (liver,
colon, spleen, kidneys, lungs, skeletal muscle) were
weighed and assayed for the presence of infective
phage. Tissues were ground into fine pieces in 1 mi
of DMEM (Trace Biosciences, NSW, Australia) sup-
plemented with 1 mM PMSF and protease inhibitor
cocktail tablet (Boehringer Mannheim, NSW, Aus-
tralia) (DMEM-PI). The mixture was clarified by
centrifugation at 2000 X g and the supernatant was
kept for phage titering. The tissue pellets were
washed three times in 3 ml of DMEM-PI supple-
mented with 0.1% BSA, and resuspended in 1 ml 0.1
M glycine pH 3.0 for 10 min at room temperature.
This solution was neutralized with 1,/10 volume of 1
M Tris pH 8.0 prior to centrifugation. Aliquots from

Table 1
Tissue to blood ratio of phage c30.6 at various time points
Liver Colon Spleen Kidneys Lungs Muscle Faeces Plasma
4 min 0.23 0.06 0.13 025 0.31 . 004 0.00 1
24h 0.07 0.01 | 0.16 0.10 0.12 0.02 0.00 1
72h 5.0 9.1 82 86.4 286 4.1 3.8 1
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the supernatant, washes and glycine elution were
used to infect 1 ml of log phase XLI1-Blue for 30
min at 37°C with no shaking, and phage titres deter-
mined as described above.

2.5. Immunohistochemical staining of mouse tissue
sections

Paraffin-embedded tissue sections were prepared
from mice injected with phage. The sections were
dewaxed, rehydrated and endogenous peroxidase ac-
tivity was blocked with 3% H,0,/H,0 for 5 min at
room temperature. The sections were then blocked
with normal rabbit serum for 1 h at 37°C, and
incubated with 10 pg/ml sheep anti-M13 (Phar-
macia Biotech, NSW, Australia) in 2% BSA/TBS.
Following one wash in TBS for 5 min, donkey
anti-sheep-HRP (2 'pg/ml; Jackson. ImmunoRe-
search, NSW, Australia) in 2% BSA/TBS was ap-
plied to the sections for 1 h at room temperature.
Bound secondary antibody was detected by incuba-
tion with DAB substrate (Sigma, NSW, Australia),
and sections were counterstained in Harris bema-
toxylin, dehydrated and mounted. All sections were
assessed by two of the authors (NJH, YLY).

3. Results
3.1. Distribution of phage-Fab in plasma and fissue

The phage ‘titres in the plasma at different ume
points were determined and log percentage of initial
injected phage was plotted against time (Fig. 1). By
using regression analysis it was determined that the
half-life of phage in plasma was 3.6 h and the
volume of distribution was 1.0 ml

Titres of phage were determined in supernatant,
washes and glycine elution of each tissue. At all time
points, nearly all phage (90%) were recovered from
the supernatant of ground tissues. Only 10% of the
phage were found in the washes and 0.1% were
isolated from the glycine elution. On this basis,
supernatants were used in all subsequent assessments
of the phage biodistribution (Fig. 2).

At 4 min and 24 h, phage were found predomi-
nantly in the liver, spleen, kidneys and lungs. Phage
concentrations in colon, muscle and faeces were

approximately one order of magnitude lower at those
time points. At 72 h, the remaining phage had accu-

mulated in the lungs and kidneys, and few phage .

(< 10* TU) were recovered from other tissues. In all
tissues, the tissue:blood ratio of phage ¢30.6 was less
than 1.0 at both 4 min and 24 h, indicating that
phage were primarily found in the plasma at these

‘times (Table 1). At 72 h, the tissue:blood ratio was

greater than 1.0 in all tissues examined. Few phage
were left in'plasma suggesting, that phage had been
cleared from the circulation. At ‘this time point,
phage had accumulated mostly in the lungs (ratio =
286) and kidneys (ratio = 86).

3.2. Immunohistochemical analysis of phage distri-
bution

Tissues collected at 4 min, 24. h and 72 h were
embedded in paraffin, and 5 pm sections were stained
with a sheep anti-M13 antibody. At 4 min, there was
distinct staining of the lumenal surface of the capil-
lary endothelium in all organs examined (Fig. 3). In
particular, intense staining was found within the
glomerular capillary loops at 4 min. No evidence of
tissue uptake was found at this time point. At 24 h,
however, phage were found to have left the vascular
compartment, and were present in the parenchyma of
liver, the red pulp of spleen, the pulmonary intersti-
tium, the proximal convoluted tubules of kidneys and
in faeces. No staining was found in the bowel wall or
in skeletal muscle. At 72 h, the pattern of staining
remained essentially unchanged from 24 h for all
tissue sections, although the intensity of staining was
reduced. :

‘4. Discussion

In vivo pahning represents a significant new ap-
plication of phage display technology, with the pan-
ning steps moving from an in vitro system to a
dynamic system dependent on circulation within a
viable organism. The strategy involves the injection
of phage into a mouse, with recovery from tissues
followed by reamplification in vitro, and finally, the
injection of amplified phage into a second mouse
(Pasqualini and Ruoslahti, 1996). To fully realize the
potential of this approach, a number of technical
questions must be answered, and in particular, the
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most appropriate time for tissue collection must be
determined. Our study focused on the temporal dis-
tribution of phage-Fab in nude mice. These animals
were chosen since they are routinely used in preclini-
cal studies of antibody tumor targeting. The experi-
ments were also performed with a monoclonal phage
population (phage ¢30.6) known to have no specific
activity against mouse tissues. Because of this, phage
titres found in different organs could be expected to
represent the background titres in the first round of
an actual panning experiment, where only a tiny
proportion of specific binding phage-Fab are present
in the library. -

The distribution of phage-Fab in normal tissues
over time shows two main patterns. In one group of
tissues, which includes liver, spleen, kidneys and

lungs, the uptake of phage at 4 min and at 24 h was

significantly greater than that seen in colon and
skeletal muscle (Fig. 2). At 4 min, this difference
could in part be due to the higher perfusion and
capillary permeability of the liver, lungs and kidneys
when compared with colon and skeletal muscle
(Covell et al., 1986). At 24 h, the number of phage
recovered from each organ was decreased by 10-fold
but the pattern of distribution remained essentially
unchanged, with a slightly lower tissue:blood ratio
than at 4 min (Fig. 2 and Table 1). This suggests that
while phage were nearly all distributed by 4 min, the
majority of phage-Fab was still in the tissue blood
volume during the first 24 h. Following distribution
of phage, it is expected that normal blood flow
would wash away non-specific or low affinity phage,
thus mimicking the washing steps of in vitro pao-
ning. At 72 h, phage were eliminated from the
circulation, and thus those remaining in the tissues
represented extravasated and trapped phage. The dis-
tribution of phage was also influenced by the normal
“structure and function of individual organs. Not un-
expectedly, high phage uptake was found in the
liver, lungs and spleen because of uptake into the
reticulo-endothelium system, a finding also reported
by Pasqualini et al. (1997).

A further factor which clearly influenced the tis-
sue distribution of phage-Fab was their size. The
filamentous phage M13 are shaped like flexible fila-
ments with a diameter of 65 A and a length of 9300
A (Glucksman et al., 1992), whilst the dimension of
the Fab they display is 80 A x50 A x40 A (Poljak

et al., 1973). As such, it is likely that the extravasa-

tion of phage would be restricted by the continuous
endothelium of capillaries in tissues such as skeletal
muscle, skin, connective tissues and brain (Clough,
1991). However, in organs such as liver, spleen,
lungs and kidneys, immunohistochemical staining
demonstrated that phage extravasation. occurred by
24 h. The vasculature of the liver and spleen are
discontinuous and contain open fenestrae (600 A in
diameter) backed by a discontinuous basement mem-
brane (Clough, 1991). The extravasation of phage in
these tissues is likely to occur through this route.
Thus the ability of phage to extravasate is related not
only to the circulation time, but also to the ultrastruc-
ture of the vasculature in different tissues. Given the

heterogeneous and leaky nature of the tumor vascula-

ture (Dvorak et al., 1988), it is possible that by 24 h,

- phage may extravasate into the tumor interstitium,

although high tumor interstitial pressure may reduce
the penetration of phage-Fab (Jain, 1990).

Our study suggests that in nude mice, phage are
largely eliminated by both hepatic and renal excre-
tion. The phage are probably filtered through the

glomeruli (strongly stained at 4 min) and enter the .
. proximal convoluted tubule by 24 h. While there was

strong immunohistochemical staining of faeces by 24
h, the phage titres were low at this time point. This
suggests that the majority of staining in faeces was
due to the presence of phage protein fragments,
probably following elimination in bile. Immunohisto-
chemical detection of phage clearly does not neces-
sarily indicate the presence of intact phage. How-
ever, with the exception of faeces, positive immuno-
histochemical staining in tissues was found to corre-
late closely with phage infectivity.

Since the ¢30.6 Fab displayed on the surface of
the phage does not bind to normal mouse tissues
(Mount et al., 1994), the biodistribution pattern we
found in this study should be applicable ‘to any
phage-Fab population. This was verified by conduct-
ing similar experiments with phage displaying Fab
reactive with tetanus toxoid and with Fabs against
human carcinoembryonic antigen which are known
1o be non reactive with mouse tissue. In both cases, a
similar distribution pattern was observed (results not
shown).

In conclusion, our study provides basic pharma-
cokinetic data relevant to the design of in vivo
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panning experiments. It is clear that the timing of
phage retrieval will be influenced both by the organ
being examined and the specific location of the
target antigen in relation to the microvasculature.
While 4 min appears to be the best time point for the
isolation of Fab against intravascular antigens, the 24
h or the 72 h time points may prove superior for the
isolation of antibodies against extravascular antigens.
A disadvantage of the 72 h time point is the low
phage titre which may be insufficient for subsequent
panning rounds. The future studies will therefore
involve the panning of an antibody library in tumor-
bearing nude mice using 24 h as a time point for
tissue collection. '
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Room E309A, Given Building - i
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Burlington, Vermont 05403 : .

" Dear David and Lyn,

This letter is to confirm our collaboration on your project on the ir vivo screening of phage- _
displayed random peptide libraries for small ligands which specifically bind tumors. There are two
~ aspects of this project for which rmy expertise may prove especially useful. First, our laboratory
“has had over 30 ‘years of experience injecting E coli bacteriophage (¢$X174) intraveriously into
humans for the purpose of measuring antibody responses, under an IND (BB-IND- ~714) from the

- FDA. I'will be happy to advise you on the proger preparation of phage for safe i m)ectxon Into
humans and any other aspects of the use of phage clinically. In addition, because obtaining an
IND from the FDA can be a long and arduous process, it will be worthwhile for us to- explore the

- use of $X 174 phage.as a vehicle for the display of random peptide Iibraries, as the longtime use of
“ bacteriophage $X174, given intravenously to almost 3000 humans, has been determined to be
extremely safe, and, as mentioned, the use of bacreriophage $X1 74 in humans has already been
approved by the FDA. 1 will be happy to provide you with $X174 bacteriophage and its optxmal
E. coli host strain for the construction of novel phage-displayed random peptide libraries in the
$X174 strain. Such libraries will almost certainly be non-toxic for human screening expenments
although more conventional phage-displayed libraries in \/I b strains_of bactenophace may also be

bd.xe

ook forward to our collaboration on this exciting and extremely innovative proposal.

* - Sincerely,

M B

Hans D. Ochs, M. D.
Professor, Department of Pediatrics




BACTERIOPHAGE $X174

' . PRODUCT INFORMATION

NEW DRUG LIMITED BY FEDERAL LAW TO INVESTIGATIONAL USE ONLY
BB-IND 714
Lot 2-96 (April 1996)

Origin of Material: The original sample of this bacteriophage $X174 preparation and the carrier strain of E. coli
for propagation of the bacteriophage was obtained in 1964 from Professor Neal Groman, Department of
Microbiology, University of Washington, who obtained it in 1962 from Professor Robert Sinsheimer, California
Institute of Technology (1). Following passage and partial purification in our laboratory, aliquots were dispensed
in 13 x 7 mm sterile plastic tubes, frozen and stored at -70°C. Products from this passage bave been thawed,
propagated and used in a variety of studies on numerous occasions. The bacteriophage has bred true with
consistent patterns of replication, plaque formation, and has shown inhibition by antisera prepared against
bacteriophage $X 174 (1-7) in mice, rats, guinea pigs, rabbits, dogs, cattle, horses, macaques, baboons, and humans
(8-73). )

Details of Manufacture: In 1973 a tube of the 1964 phage was thawed and passaged three times to assess viability

~ and to increase titer. Aliquots of this material, kept at -70°C, were thawed in December 1975, propagated and re-

frozen (-70°C). This material was used in-August 1977 to prepare Lot 8-77. For Lot 2-96, a vial of Lot 8-77 was
passaged once to increase titer, then this material was used to prepare three separate large batches of bacteriophage -
by the standard propagation technique. The three batches were pooled following the ammonium sulfate

precipitation step, and further purified by DEAE-cellulose chromatography using stepwise elution with ammonium
acetate. The fractions containing maximum bacteriophage (from 0.06 to 0.08M) were combined and diluted with
0.1M ammonium acetate to give a final bacteriophage concentration of approximately 10 11 pfu per ml. This
material was passaged twice under sterile conditions through 0.22 pm membrane filters (F alcon) and placed in
rubber-capped sterile vials. Final volume of the batch was 2803 ml; 501 vials containing 0.8 ml, 999 vials
containing 1.8 ml, and 76 vials containing 2.8 ml were prepared. All were then frozen and stored at -70°C.

Safety Tests: Batch 2-96 was assayed by standard techniques and contained 1 x 1011 pfwml. A total of forty vials
were taken at random from the initial, middle, and final stages of bottling; 20 were tested for sterility using fluid
thioglycolate medium and incubation at 30°C, and 20 were tested for sterility using fluid soybean~casein digest
medium and incubated at 20-22°C for 14 days. Positive controls were included to demonstrate growth promoting
activity of the media used. (see FDA regulations, section 610-12).

Batch 2-96 was tested for pyrogens in three rabbits. Temperatures were recorded by a rectal thermocouple.
Following temperature stabilization after immobilization in the holding unit, 0.6 m! (0.2 ml/kg), were rapidly
injected i.v. through an ear vein. Temperatures were monitored for three hours. There was no significant increase
in temperature (maximum rise 0.56°C; average temperature rise of all three rabbits 0.3 8°C). We elected to inject
only ten times the dose used in humans because we felt it important to inject the material rapidly intravenously, as
we do in humans, and not to cause harm to the rabbit by injecting the full 3 ml per kilogram i.v. as requested by
FDA regulations. Furthermore, we felt that, should the material be contaminated, a dose ten times that used in

‘humans would show an endotoxin reaction in rabbits, known to be very sensitive to endotoxin by a rise in

temperature.




Toxicity Tests: Two guinea pigs were injected with batch 2-96 intraperitoneally with 5 ml (15ml/kg) (representing

750 times the human dose) and two mice were injected with 0.5 ml (25 ml/kg) intraperitoneally (representing 1250
Aqlrlxes the humnan dose). The animals were carefully observed for 7 days. No ill effects of any kind were observed.
' animals survived. None lost weight.

Antigenicity: The antigenicity of the material was assessed in two guinea pigs and three rabbits. Prompt primary
antibody responses were observed on day 7 and day 14 after immunization; the guinea pigs showed a mean peak titer
of 103 (K) and the rabbits 2 mean peak titer of 106 (Ky) comparable to titers of previous preparations, and to those
reported in the literature. Lot 2-96 was given to six volunteers (three males, three females) and neutralizing antibody
titers (Kv) measured following 1° and 2° immunizations. All six controls showed a normal antibody response
demonstrating amplification, immunologic memory and IgM to IgG switch (Tables 1, 2) (Figures la, 1b, 1c, 2).

Final Product Composition: The bacteriophage as bottled is suspended in 0.10 M ammonium acetate with 0.001 M
CaCl2. Final pH is pH 8.0. The concentration of bacteriophage is 1011 pfu/ml. The final protein concentration is
0.09 mg/ml, DNA concentration is 2.48 pg/ml, comparable to previous lots.

Label: Each vial has the following lébel attached firmly to its outer surface:

Caution: New drug limited by Federal law to investigational use.

Bacteriophage $X174, 1 x 1011 PFU/mL, Lot 2-96 :
Hans D. Ochs, University of Washington, Seattle, WA 98195 1.8 (0.8) 2.8)ml

Proposed Use of Product: The WHO Committee on Primary Immunodeficiency diseases identified bacteriophage
$X174 as a standard antigen for the assessment of the immune response in humans. We make this method of
assessment available to other investigators both within the United States and overseas. For this purpose we supply
is preparation, on request only, to responsible investigators for the study of identified, appropriate patients with
rimary or secondary immunodeficiency diseases, to assess in a standardized manner their humoral immune response.

Transfer of bacteriophage X174 to other investigators: Since bacteriophage ¢ X174 antigen is classified as an
Investigational New Drug by the FDA, before requesting the material from our laboratory each investigator must
have filed and obtained an IND for the use of bacteriophage $X174. For safety and product information, the IND
holder may refer to BB-IND 714 provided to Dr. Hans Ochs, University of Washington, Seattle, WA. The
bacteriophage will then be shipped to the investigators and administered under the supervision of that investigator to

the patient(s)..

The bacteriophage $X174 antigen is administered intravenously according to a standard protocol (vide infra). Serum
samples will be collected at stated intervals and returned to our laboratory for assay accompanied by a completed
patient information form describing the disease, the date and amount of phage given and reactions (if any) observed;
a form indicating the dates of blood samples. In accordance with FDA requirements, alarming adverse reactions
must be reported to us immediately by telephone, fax, or registered letter. Serum samples are assayed in our
laboratory for antigen clearance and antibody formation, and the results are reported to the investigator.

Risks: It is generally accepted that bacteriophage $X174 is highly selective in its ability to attach, penetrate and
replicate in the host strain, E. coli C. We have been unable to find documentation in the literature of bacteriophage
producing cytopathic events in human cells. Approximately ten years ago, we had started a collaborative study with
Milstein, Walker and Petricciani exploring the possibility of replication of bacteriophage $X174 DNA in nonhuman
primates, using hybridization with a labeled phage DNA probe. In one of two monkeys, hybridizable $X174 DNA
sequences were transiently associated with lymphocytes, but not granulocyte DNA; in this one instance, the

quences were present five days after bacteriophage inoculation, but were no longer detectable seven months later.
The results suggest that while replication of $X 174 DNA may occur in primates in vivo, the bacteriophage DNA is

apparently edited from the host cells.




Adverse Reactions: In reviewing the literature, dating back more than 30 years, no side effects in human volunteers
or patients were reported, neither by other investigators who immunized 76 patients and controls (68-73), nor by
investigators using bacteriophage $X174 produced in our laboratory (27-67). Excepting the episodes of reactions
to Lot 1-88, described below, we have not observed or heard of side effects following immunizations of over 1500

individuals with bacteriophage $X174.

In 1988 we produced a new lot (1-88), which was obtained by pooling three batches, each with a relatively low
yield of infective particles. This lot was given in 1989 to four volunteers, one of whom reported the onset of "flu-
like symptoms", including malaise, chills, and joint and muscle aches, four and one-half hours after a primary
phage injection; these symptoms responded to Tbuprofen and resolved completely within 24 hours after
immunization. One of the remaining volunteers, after being contacted, reported shortness of breath during the night
following primary phage immunization; these symptoms spontaneously resolved the next morning. Subsequently,
after contacting all co-investigators who had received Lot 1-88, we identified two patients who recalled symptoms
following injection with Lot 1-83. A 35 year old patient with common variable immune deficiency had a very high
bacteriophage neutralizing antibody response, limited to IgM, following primary and secondary immunization in
1988 (Lot 1-83); he was immunized a third time, in 1989, to determine if he had developed lasting immunologic
memory limited to the production of phage-specific antibody of the isotype after multiple exposure to the antigen.

A few hours after receiving Lot 1-88, the patient developed fever, fatigue and arthralgia/myalgia; he was treated by
his physician with aspirin and bed rest until disappearance of symptoms 4-6 days after immunization. The patient -
completely recovered without any sequelae. A second patient, a 10 year old boy with immunodeficiency and atopic
symptoms, developed wheezing and shortness of breath seven minutes after his second immunization with Lot 1-88,
requiring epinephrine injection and treatment with a nebulizer. He recovered completely within 30 minutes after
immunization. Lot 1-88 was recalled by our laboratory. Subsequent lots (7-89; 10-92), used during the last five

years, were not associated with reactions.

Review of the literature and our own data indicate that adverse events following immunization with bacteriophage ¢
X174 are minor and of low frequency. However, risks as yet unrecognized may exist, and patients receiving this
material should be informed of such possibilities prior to consenting to this procedure.

Immunization protocol: The original protocol for phage immunization was designed in 1972 (27, 32) This protocol
has been included in a report by the WHO Committee on Primary Immunodeficiency Diseases, which identifies
bacteriophage $X174 as a standard antigen for the assessment of the immune response in man. Effective March 4,
1994, bacteriophage $X174 will be made available to investigators outside the state of Washington only if the
investigator has obtained an IND from the FDA to use bacteriophage $X174 in humans. FDA-approved
investigators with documentation will receive bacteriophage $X174 of a batch approved by the FDA for use of
assessing antibody responses in man. In addition, investigators may request assistance in setting up the
neutralization and ELISA techniques in their own laboratories. If the investigator prefers, we will assay each

sample for the presence of phage-specific antibody by neutralization or by ELISA.

Bacteriophage ¢X174 is given intravenously at a dose of 0.02 ml/kg body weight using a standard preparation with

1 X 1011 infective phage particles per ml. (27, 32). Bloodis obtained before immunization and 15 minutes post
primary immunization. Subsequently, a 7 ml aliquot of blood is withdrawn at one week, two weeks, four weeks
and six weeks post primary immunization. A secondary immunization is given at six weeks at a similar dose based
on body weight. Blood is drawn at one, two and four weeks post secondary immunization. Each serum sample is
assayed for antibody by neutralization or by ELISA (58). The one week post primary immunization is routinely
checked for the presence of circulating bacteriophage. Phage-specific antibody of the IgG class is determined either
by treating the sample with 2 mercaptoethanol (neutralization) (27, 32) or by using specific antisera to differentiate
phage-specific IgG and IgM antibody by ELISA (58).




Those patients with an abnormal secondary

response consisting of a low proportion of IgG may be selected for a

ertiary immunization with bacteriophage to determine if the patient in fact is not capable of switching from IgMto
G (58) and if the total antibody titer is less than the geometric mean of normals (to avoid potential adverse effects
as described under “Adverse Reactions™). This will have therapeutic implications.

In patients with a "transient” immune deficiency following bone marrow transplantation or chemotherapy, it may be
necessary to check the specific antibody response to phage once a year to determine when replacement therapy with

IVIG is no longer necessary.

Bibliographic Information: The use of bacteriophage $X 174 as an antigen has been widely studied in both animals
and humans. Review of the literature and personal experience indicates that bacteriophage is a potent antigen.

Because there is no natural exposure to this

antigen, a consistent primary response on first immunization is

observed in immunologically normal individuals. Following a secondary immunization, the antibody response
shows amplification and switch from IgM to IgG; approximately 50% of the antibody is of the IgG isotype.

Subsequent exposures to the antigen results

in a "tertiary” response, showing almost exclusively phage-specific

antibody of the IgG class (IgG over 90%) (Table 2). Furthermore, since neither humans nor animals are exposed to

this antigen by natural means, no pre-exist

ing antibodies exist and immunoglobulin preparations produced

commercially for treatment do not contain phage-neutralizing antibody. Therefore, bacteriophage $X174 can be
used to measure antibody responses in patients with primary immunodeficiency receiving IVIG infusions.

Bacteriophage is particularly useful in identifying patients with X-linked agammaglobulinemia, a majority of whorﬁ
lack B cells and are unable to mount an antigen-specific antibody; most of these patients are unable to clear

bacteriophage $X174 immunologically (27,

32). Patients with functional B cells but lack of T help show a

characteristic response to bacteriophage characterized by lack of amplification and failure to switch from IgM to
1eG (27, 29, 32, 37, 38, 41, 52, 62, 64). Since the assay to-assess neutralizing antibody 1s extremely sensitive, it is
possible to detect minute amounts of antibody in patients who produce less than 0.01% of normal antibody '
responses. Thus, based on the experience obtained by our group and by others, bacteriophage induces a
characteristic primary, secondary and tertiary antibody tesponse in immunologically normal controls and

characteristic patterns of responses in patients with primary or secondary immune deficiency disorders.
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BACTERIOPHAGE ¢X174
A T-DEPENDENT ANTIGEN
. TO MEASURE ANTIBODY RESPONSES IN VIVO

INFORMATION FOR INVESTIGATORS

1. Use of bacteriophage $X174 to assay antibody responses in man and animals:

Bacteriophage $X174 has been used since 1962 to measure antibody responses in nonmammalian
vertebrates (9), in mammalian vertebrates (8, 10-26) and in man (27-73). The data published clearly
indicate that bacteriophage $X174 is a T cell dependeat neoantigen (23, 32, 51, 52). Following a primary
immunization, a typical IgM response is listed. Following secondary immunization, mammalian response
is characterized by amplification of the antibody titer and switch from IgM to IgG; in man, approximately
50% of this antibody is IgG. Following a tertiary immunization, the antibody response is predominantly
IgG (over 90%). Animals with congenital primary immunodeficiency diseases (15, 17-20, 22, 25, 26) and
humans with congenital immune deficiency (27, 29, 31,32, 3741, 45, 47,53, 59, 62, 63, 65-67, 69) have
clearly abnormal responses to bacteriophage. Similariy, secondarily immunosuppressed animals (12, 13,
14, 16, 23) and humans (28, 30, 33-36, 42-44, 49, 50, 52, 57, 61, 68) have abnormal antibody responses
that are useful to assess the severity of the immune suppression and, under certain circumstances, to follow
the progress of immune reconstitution (12, 28, 30, 33, 35, 4245, 50, 54, 61, 62).

* Proposed Use of Product: The WHO Committee on Primary Immunodeficiency diseases identified
bacteriophage $X174 as a standard antigen for the assessment of the immune response in humans. We
make this method of assessment available to other investigators both within the United States and overseas.
For this purpose we supply this preparation, on request only, to responsible investigators for the study of .
identified, appropriate patients with primary or secondary immunodeficiency diseases, to assess in a

. standardized manner their humoral immune response. :

2. Description of product: -

. The original sample of bacteriophage ¢X174 currently used in our laboratory and the carrier strain of £.
coli for propagation of the bacteriophage was obtained in 1964 from Professor Neil Groman, Department
of Microbiology, University of Washington, who obtzined both in 1962 from Professor Robert Sinsheimer,
California Institute of Technology (1). This material has been passaged and partially purified in our
laboratory and has been stored in aliquots at -70°C. From this stock phage, numerous lots of

bacteriophage were prepared and used in immunizing animals and humans.

Details of Manufacture: In 1973 a tube of the 1964 phage was thawed and passaged three times to assess
viability and to increase titer. Aliquots of this materizl, kept at -70°C, were thawed in December 1975,
propagated and re-frozen (-70°C). This material was used in August 1977 to prepare Lot 8-77. For Lot 2-
96, a vial of Lot 8-77 was passaged once to increase titer, then this material was used to prepare three
separate large batches of bacteriophage by the standard propagation technique. The three batches were
pooled following the ammonium sulfate precipitation siep, and further purified by DEAE-cellulose
chromatography using stepwise elution with ammonium acetate. The fractions containing maximum
bacteriophage (from 0.06 to 0.08M) were combined and diluted with 0.1M ammonium acetate to give a

final bacteriophage concentration of approximately 1011 pfu per ml. This material was passaged twice

under sterile conditions through 0.22 pm membrane filters (Falcon) and placed in rubber-capped sterile
vials. Final volume of the batch was 2803 ml; 501 vials containing 0.8 ml, 999 vials containing 1.8 ml,

. and 76 vials containing 2.8 ml were prepared. All were then frozen and stored at -70°C.

1




Safety Tests: Batch 2-96 was assayed by standard techniques and contained 1 x 1011 pfu/ml. A total of forty vials

were taken at random from the initial, middle, and final stages of bottling; 20 were tested for sterility using fluid
..hioglycolate medium and incubation at 30°C, and 20 were tested for sterlity using fluid soybean-casein digest

medium and incubated at 20-22°C for 14 days. Positive cantrols were included to demonstrate growth promoting

activity of the media used. (see FDA regulations, section 610-12).

Batch 2-96 was tested for pyrogens in three rabbits. Temperatures were recorded by a rectal thermocouple.
Following temperature stabilization after immobilization in the holding unit, 0.6 m! (0.2 ml/kg), were rapidly injected
i.v. through an ear vein. Temperatures were monitored for thres hours. There was no significant increase in
temperature (maximum rise 0.56°C; average temperature rise of all three rabbits 0.38°C). We elected to inject only
ten times the dose used in bumans because we felt it imporzant to inject the material rapidly intravenously, as we do
in humans, and not to cause harm to the rabbit by injecting the full 3 ml per kilogram i.v. as requested by FDA
regulations. Furthermore, we felt that, should the material be contaminated, a dose ten times that used in humans
would show an endotoxin reaction in rabbits, known to be very sensitive to endotoxin by a rise in temperature.

Toxicity Tests: Two guinea pigs were injected with batch 2-96 inUapedtoﬂealiy with 5 ml (15mUkg) (representing
750 times the human dose) and two mice were injected with 0.5 ml (25 ml/kg) intraperitoneally (representing 1250
times the human dose). The animals were carefully observed for 7 days. No ill effects of any kind were observed.

All animals survived. None lost weight.
Anticenicitv: The antigenicity of the material was assessed in two guinea pigs and three rabbits. Prompt primary

antibody responses were observed on day 7 and day 14 after immunization; the guinea pigs showed a mean peak titer
of 103 (Xy) and the rabbits 2 mean peak titer of 106 (Ky) comparable to titers of previous preparations, and to those

reported in the literature.

.'Ihe antigenicity of batch 2-96 was also tested in six hurnan volunteers by neutralization and ELISA. The kinetics of -
the immune response was similar to those of previous preparations and to those reported in the literature (Tables 1,
2) (Figures 1a, 1b, 1c, 2). None of the human volunteers experienced any adverse reactions.

" Final Product Composition: The bacteriophage as bottled is suspended in 0.10 M ammonium acetate with 0.001 M
CaCl2. Final pH is pH 8.0. The concentration of bacteriophage is 1011 pfi/ml. The final protein concentration is

0.09 mg/ml, DNA concentration is 2.48 pg/ml, comparable to previous lots.

Label: Each vial has the following label attached firmly to its outer surface:

Caution: New drug limited by Federal law to investigational use.

Bacteriophage §X174, 1 x 101! PFU/m, Lot 2-96
Hans D. Ochs, University of Washington, Seattle, WA 98195 1.8 (0.8) 28)ml

3. Risks and Adverse Reactions:

It is generally accepted that bacteriophage $X174 is highly selective in its ability to attach, penetrate and replicate in
 the host strain, E. coli C. We have been unable to find documentation in the literature of bacteriophage producing

cytopathic events in human cells. Approximately ten years ago, we had started a collaborative study with Milstein,
Walker and Petricciani exploring the possibility of replication of bacteriophage $X 174 DNA in nonhuman primates,
using hybridization with a labeled phage DNA probe. In one of two monkeys, hybridizable $X 174 DNA sequences
were transiently associated with lymphocytes, but not granulocyte DNA; in this one instance, the sequences Were
present five days after bacteriophage inoculation, but were oo longer detectable seven months later. The results
suggest that while replication of $X174 DNA may occur in primates in vivo, the bacteriophage DNA is apparently

edited from the host cells.




In reviewing the literature, dating back more than 30 years, no side effects in human voluntesrs or patients
were reported, neither by other investigators who, by published accounts, immunized 76 patients and
controls (68-73), nor by investigators using bacteriophage $X174 produced in our laboratory (27-67).
Excepting the episodes of reactions to Lot 1-88, described below, we have not observed or heard of side
effects following immunizations of over 1500 individuals with bacteriophage $X174.

In 1988 we produced a new lot (1-88), which was obtained by pooling three batches, each with a relatively .
low yield of infective particles. This lot was given in 1989 to four volunteers, one of whom reported the
onset of "flu-like symptoms", including malaise, chills, and joint and muscle aches, four and one-half hours
after a primary phage injection; these symptoms responded to Tbuprofen and resolved completely within 24
hours after immunization. One of the remaining volunteers, after being contacted, reported shortness of
breath during the night following primary phage immunization; thes¢ symptoms spontaneously resolved the
next morning. Subsequently, after contacting all co-investigators who had received Lot 1-88, we identified
two patients who recalled symptoms following injection with Lot 1-88. A 35 year old patient with commor
variable immune deficiency had a very high bacteriophage neutralizing antibody response, limited to IgM,
following primary and secondary immunization in 1988 (Lot 1-83); he was immunized a third time, in
1989, to determine if he bad developed lasting immunologic memory limited to the production of phage-
specific antibody -of the IgM isotype after multiple exposure to the antigen. A few hours after receiving Lot
1-88, the patient developed fever, fatigue and arthralgia/myalgia; he was treated by his physician with
aspirin and bed rest until disappearance of symptoms 4-6 days after immunization. The patient completely
recovered without any sequelae. A second patient, a 10 year old boy with immunodeficiency and atopic
symptoms, developed wheezing and shortness of breath seven minutes after his second immunization with
Lot 1-88, requiring epinephrine injection and treatment with a nebulizer. He recovered completely within
30 minutes after immunization. Lot 1-88 was recalled by our laboratory. Subsequent lots (7-89; 10-92),
used during the last five years, were not associated with reactions.

Review of the literature and our own data indicate that adverse events following immunization with
bacteriophage $X174 are minor and of low frequency. However, risks as yet unrecognized may exist, and .
patients receiving this material should be informed of such possibilities prior to consenting to this

procedure. -
4. Transfer of bacteriophage $X174 to other investigators:

Tt has lorig been a tradition in our laboratory to make bacteriophage $X 174 available to co-investigators
within the United States and other countries. Until 1994, these other investigators were carried as "co-
investigators" if approved by the FDA. Approved co-investigators were able to request bacteriophage ¢
X174 directly from our laboratory, which was then shipped on dry ice. The material was provide free of
charge, but at-cost charges were levied for carrying out antibody determinations if the co-investigators
requested these. Alternatively, we made available reagents for both the ELISA technique and the
neutralization assay system. At the request of the FDA, we have changed this policy in 1994. Each co-
investigator will apply for his/her own IND for the use of bacteriophage $X174. For safety and product
information, the IND holder may refer to the IND (714) provided by Dr. Hans D. Ochs, University of
Washington, Seattle, Washington. The bacteriophage $X 174 will then be shipped to the investigators and
administered under the supervision of that investigator. , )

5.  Immunization protocol:

The original protocol for ﬁhage immunization was designed in 1972 (27, 3'2). This protocol has been
included in a report by the WHO Comumittee on Primary Immunodeficiency Diseases, which identifies
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bacteriophage $X174 as a standard antigen for the assessment of the immune response in man. Effective
March 4, 1994, bacteriophage $X174 will be made available to investigators outside the state of '
Washington only if the investigator has obtained an IND from the FDA to use bacteriophage $X174 in
humans. FDA-approved investigators with documentation will receive bacteriophage $X174 of a batch
approved by the FDA for use of assessing antibody responses in man. In addition, investigators may .
request assistance in setting up the neutralization and ELISA techniques in their own laboratories. If the
investigator prefers, we will assay each sample at cost for the presence of phage-specific antibody by

neutralization or by ELISA.

Bacteriophage $X174 is given intravenously at a dose of 0.02 ml/kg body weight using a standard
preparation with 1 X 1011 infective phage particles per ml. (27, 32). Blood is obtained before
immunization and 15 minutes post primary immunization. Subsequently, a 7 ml aliquot of blood is
withdrawn at one week, two weeks, four weeks and six weeks post primary immunization. A secondary
immunization is given at six weeks at a similar dose based on body weight. Blood is drawn at one, two and
four weeks post secondary immunization. Each serum sample is assayed for antibody by neutralization or
by ELISA (58). The one week post primary immunizztion is routinely checked for the presence of
circulating bacteriophage. Phage-specific antibody of the IgG class is determined either by treating the
sample with 2 mercaptoethanol (neutralization) (27, 32) or by using specific antisera to differentiate phage- -
specific IgG and IgM antibody by ELISA (58).

" Those patients with an abnormal secondary response consisting of a low proportion of IgG méy be selected
for a tertiary immunization with bacteriophage to determine if the patient in fact is not capable of switching
from IgM to IgG (58). This will have therapeutic implications.

In patients with a “transient" immune deficiency follewing bone marrow transplantation or chemotherapy, it
may be necessary to check the specific antibody response to phage once a year to determine when
replacement therapy with IVIG is no longer necessary.

. 6. Assay systems to measure antibody responses to bacteriophage:
Two techniques are available:
A ELISA: For this purpose, plates are coated with the same material used for immunization.

Serially-diluted sera are added to the plates, incubated, removed, and, after extensive washing, bound
human IgG, IgM, or both are identified with the appropriate antibodies. Following extensive washing,
individual isotypes of antiphage antibodies or total antiphage antibody are determined using phosphatase-
~ conjugated goat anti-human Ig reagents. The technique is described in detail in Reference 58.

B. Neutralization: Neutralizing antibody activity is measured by a phage-neutralizing assay and the
antibody titers expressed as first-order rate constant (Kv) of phage inactivation, as described in detail (27,
32, 58). Upon request the detailed protocol and the reagents for both techniques will be made available to
other investigators using material produced in our laboratory. ‘ :

" Normal control values: Normal ELISA units (OD) and graphs indicating + 2 S.D. are attached (Figure 1).
Table 1 shows normal control values (Kv) and Figure 2 shows a graph for the phage-neutralizing assay

system.




7. Bibliographic Information:

The use of bacteriophage $X174 as an antigen has been widely studied in both animals and humans.
Review of the literature and personal experience indicates that bacteriophage is a potent antigen. Because
there is no natural exposure to this antigen, a consistent primary response on first immunization is
observed in immunologically normal individuals.

Following a secondary immunization, the antibody response shows amplification and switch from IgMto
IgG; approximately 50% of the antibody is of the IgG isotype. Subsequent exposures to the antigen results
in a “tertiary" response, showing almost exclusively phage-specific antibody of the IgG class (IgG over
90%). Furthermore, since neither humans nor animals are exposed to this antigen by natural means, no
pre-existing antibodies exist and immunoglobulin preparations produced commercially for treatment do not
contain phage-neutralizing antibody. Therefore, bacteriophage $X174 can be used to measure antibody
responses in patients with primary immunodeficiency receiving IVIG infusions. Bacteriophage is
particularly useful in identifying patients with X-linked agammaglobulinemia, a majority of whom lack B
cells and are unable to mount an antigen-specific antibody; most of these patients are unable to clear
bacteriophage $X174 immunologically (27, 32). Patients with functional B cells but lack of T help show a
characteristic response to bacteriophage characterized by lack of amplification and failure to switch from
IgM to IgG (27, 29, 32, 37, 38, 41, 52, 62, 64). Since the assay to assess neutralizing antibody is
extremely sensitive, it is possible to detect minute amounts of antibody in patients who produce less than
0.01% of normal antibody responses. Thus, based on the experience obtained by our group and by others,
bacteriophage induces a charactenistic primary, secondary and tertiary antibody response in
immunologically normal controls and characteristic patterns of responses in patients with primary or
secondary immune deficiency disorders.
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